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in rotor-piston internal combustion engines with cycles, such as Otto and diesel engines, and in 
Wankel rotary engines. 

All well-known means of converting movement in rotary displacement machines fall into 
two categories: rotational (differential) and planetary. In the first of these, two components - an 
engaging [male] and an engaged [female] element with source and reactive profile revolve 
around immobile axes. In the second, one of these elements moves around the center of the 
other, stationary element. 

For the planetary method of conversion of motion, the number of full cycles of change of 
the volume of the chamber, limited by the curved-line surface of the rotor and the trochoid 
surface of the stator [housing] during one rotation of the drive shaft is equal to the number of 
limbs of the trochoid j=/Z-l/, where Z=2,3,4... - any whole number equal to the number of 
enveloping internal and external points of overlap of the group of trochoids. The number of 
cycles of the face of the rotor at which the volume of the working body changes from its minimal 
to it maximal value equals 2j, and each cycle occurs when the rotation of the center of the 
planetary element to an angle of y=7iZ/(Z-l). 

Known methods of conversion of motion are used in volumetric machines with one 
independent degree of freedom of rotational motion with joined, curved-line elements, for 
example in mechanisms with cycloidal linkage [USSR Certificate of Authorship N. 205567]. 

These methods are used in trochoidal positive displacement machines in which, during 
the process of motion of joined male and female elements with internal or external trochoidal 
[cycloidal] shape, periodic changes in the volume of the displacement chambers occur during 
different thermodynamic cycles [Beniovich V.S, Apazidi G.D., Boiko A.M, Rotor-piston 
engines. Moscow: Mashinostroenie, 1968]. 

In well-known positive displacement machines the interconnected motion of the male and 
female elements provides synchronization to the mechanism, and if the number of forming 
curves is greater on the female element than on the male element, then synchronization is 
provided by self-linkage of the elements themselves, that is, without the use of specialized 
mechanisms for synchronization. 

The closest technical solution to the proposed method is a method of conversion of 
motion in a trochoidal positive displacement machine is a method that includes 
cyclically-changing closed volumes between kinematically interconnected elements - a rotor and 
a housing - female and male elements with cycloidal [trochoidal] interacting [reciprocal] 
geometric surfaces or during differential motion of both elements [French Patent No. 2719874, 
1995]. 
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Well-known methods of conversion of motion in positive displacement machines with 
joined curved-line elements possess limited technological possibilities which do not allow for an 
increase in the number of working cycles, realized during one rotation [period of rotation] of the 
elements of the combustion chamber, as well as increasing the efficiency [KPD] with respect to 
the absence of reactive force in the base of the stationary body of the machine. 

The problem for which this invention provides a solution is broadening the technical and 
functional possibilities by means of increasing the number of independent degrees of freedom of 
rotational motion to two and the number of working cycles of change in volume of the working 
(combustion) chambers in a single rotation of the drive shaft and with a simultaneous decrease of 
the value of the summary flywheel event and reaction on the bearings of the trochoidal positive 
displacement machine. 

To achieve the above-indicated technical results in a known method of conversion of 
motion in a positive displacement machine of joined elements of connecting surfaces, with one 
end of the connecting elements in the shape of a curved surface, and the other in the form of 
externally or internally connecting surfaces formed from the above-mentioned curved surface, 
which produces interconnected rotational motion of the joined elements with the possibility of 
forming working displacement chambers, and by means of the components of a synchronizing 
connection these elements synchronize the rotation of the joined elements and produce 
differentially connected rotation of both joined elements around their axes and linkage of the 
synchronizing connections and two independent rotations where the angular velocity of rotation 
is determined by the ratio 

K +K + =0 
lcol 2co2 co3 

where 

coi, co 2 are the angular velocity of rotation around the axes of the joined elements, 

co 3 is the angular velocity of rotation of the linkage of the synchronizing connection, 

K and K are the static coefficients of the connection 
1 2 

while simultaneously with the rotation of the joined elements around their axes, there also 
occurs planetary rotation of any of the joined elements around the axis of another element, and 
the value of the angular velocity of the rotation of the joined elements is determined by the ratio 
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(Z-l) -Z + =0, 
col co2 coO 

where a>i is the angular velocity of rotation around it axis of an element with a curved /4 
surface, 

(D 2 is the angular velocity of rotation around its axis of an element whose surface is 
formed from an internal or external group of the above-mentioned surfaces, 

co 0 is the angular velocity of motion of the axis of an element of planetary rotation, 

Z is a whole number with Z>1 . 

In addition, any two of the rotations of two joined elements around their axes and the 
linkage of the synchronizing connection can themselves be synchronized. 

In addition, transmission of motion from one element to another can occur by means of 
mechanical contact [engagement] of the curved surfaces of the joined elements with formation of 
a kinematic pair. The closest technical solution to this proposed mechanism is a trochoidal 
positive displacement machine, consisting of a body with a main axis, in which connecting 
elements are located which can form working chambers, a synchronizing link between the 
connecting elements, where one of the elements forms a curved surface, and the other element is 
an internally or externally engaging group of the above-mentioned curved surfaces. 

The working chambers are formed by the engaging elements and two flat walls, the 
synchronizer is formed from a gear coupling with six external and internal linkages, while the 
body contains an eccentric [cam] shaft with main journals and a rotor having a number of nodes 
with arched [curved] sides, positioned in a hinged manner on the cam of the shaft and firmly 
joined with the gear of the internal linkage which is in constant contact with the external gear of 
the edge wall [Sukhomlinov R.M. Trochoidal rotary compressors, Objedinenie Visha Shkola 
Publishers, Gosuniversitet, Kharkov, 1975, pp. 70-71]. 

A well-known apparatus possesses one independent degree of freedom of rotational 
motion and limited technical possibilities, with no possibility of increasing the number of 
working cycles during one revolution [period of rotation] of the elements of the displacement 
pair, or of increasing efficiency on account of the absence of reactive force at the bases 
[supports] of the stationary body of the machine. Thus, for example, in a Wankel engine, one full 
cycle, equal to four indicated working cycles, occurs after three rotations of the cam shaft. In 
addition, in well-known trochoidal positive displacement machines, at the supports of the 
stationary body there are significant static reactive and inertial moments that lower the reliability 
and working life. 
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The problem solved by this invention is increasing the technical and functional 
possibilities by means of increasing the number of independent degrees of freedom of rotational 
motion to two and increasing the range of driving relationships of the mechanisms with curved 
elements and the number of working cycles of change in volume of the compression chambers 
during one revolution of the drive shaft with simultaneous decrease of the value of summary 
flywheel moment and reaction at the bearings of trochoidal positive displacement machines. 

To achieve these technical results in a known positive displacement machine containing a 
body with a main axis, engageable elements able to form working chambers, and a synchronizer 
having at least one linkage, one of the engageable elements is placed in a hinged manner on the 
body or on the synchronizer and can rotate around the main axis, and the second engageable 
element is placed in the synchronizer and can rotate in a planetary manner around the axis of the 
first element, while one of the engageable elements contains a curved surface and the second 
element contains either an external or internal flexible group of surfaces formed from the 
previously mentioned curved surfaces, a synchronizer placed in the body and capable of rotation 
relative to the main axis, while at least one of the engageable elements and the synchronizer or at 
least two of the engageable elements are connected to form a kinematic pair, and capable of 
synchronization of rotation of two engageable elements around their axes or rotation of one of 
the elements around its axis and rotation of the axis of the second engageable element, executing 
planetary rotation, around the main axis, in accordance with the ratio 

K +K + =0 
lcol 2co2 co3 

where 

coi, (D2 are the angular velocity of rotation around the their axes of the above mentioned 
engageable elements, 

a>3 is the angular velocity of rotation of the axis of the element executing planetary 

motion, 

K and K are the static coefficients of the connection, while any two of the three above 
1 2 

mentioned rotations co 3 , coi, ce>2 are independent of each other. 

In addition, the machine can be equipped with an additional synchronizer connected at 
lease to any two of the following parts of the positive displacement machine - the synchronizer, 
the body, or the engageable elements. 
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In addition, the additional synchronizer can be constructed as a transmission with driving 
relationship equal plus or minus to one, or as a mechanism of circular reciprocal motion of one 
of the engageable elements, or as a link gear or as an inverter of the direction of rotation. 

In addition the machine can be equipped with an additional kinematic chain, connected 
with any two of the following parts of the machine - synchronizer, body, engageable elements 15 

capable of decreasing by one the number of independent degrees of freedom of the machine. 

In addition, the additional kinematic chain can be a planetary geared drive. 

In addition, one of the engageable elements consists of cylindrical pins. 

In addition it [kinematic chain] can be equipped with a mechanism for transmission of 
rotation, connected with at least two of the following rotating parts of the machine: engageable 
elements and additional synchronizer, and having the means to connect to at least two of the 
rotation elements of an external apparatus. 

In addition, it can be equipped with additional engageable elements constructed of 
[equipped with] the above mentioned curved surface or a limited connecting group of curved 
surfaces, and with the capability of forming additional working chambers and with capable of 
rotational and planetary motion, while all engageable elements are positioned either axially 
together or coaxially in the chambers relative to each other and connected one to the other. 

In addition, one of the above mentioned engageable elements can be firmly attached to an 
additional engageable element, and another engageable element can be firmly attached to a 
second additional engageable element, while these elements are placed in working chambers 
coaxially to each other. 

In addition, the engageable elements can have the possibility of mechanical contact of 
their curved surfaces and thus be able to form a kinematic pair. 

Figure 1 presents a diagram of a method of conversion of motion in a trochoidal positive 
displacement machine. 

Figure 2 shows a cross section of working chambers of a positive displacement machine 
with additional male and female elements. 

Figure 3 shows the longitudinal dimension of a positive displacement machine 
constructed with circular forward motion of the male element in the shape of an internal 
covering. 

Figure 4 is the A-A cross section of Figure 3. 

Figure 5 shows the longitudinal dimension of a positive displacement machine equipped 
with circular forward motion of the female element in the shape of a two-node trochoid. 
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Figure 6 is the B-B cross section of Figure 5. 

Figure 7 shows the longitudinal dimension of a positive displacement machine with 
circular forward motion of the female element in the shape of a two-node trochoid. 

Figure 8 is the V-V cross-section of Figure 7. 

Figure 9 shows the longitudinal dimension of a positive displacement machine with a 
synchronizer in the form of a [round] gear with planetary motion of the male element in the 
shape of an internal covering. 

Figure 10 is the G-G cross section of Figure 9. 

The proposed method of conversion of motion in a positive displacement machine with 
conjugated elements of curved form is realized in the following manner. Interconnected rotation 
with two degrees of freedom of rotational motion of kinematically joined male and female 
elements and synchronization linkages is realized, and either planetary rotation of one of the 
joined elements, or differential rotation of both these elements is realized, restricted mutually 
embracing surfaces on one of the joined elements in the form of a cycloid or trochoid, 
equidistant above-mentioned surfaces, a curved surface close to the above mentioned, or in the 
form of fragments of the above mentioned surfaces, and on the second in the form of an 
externally or internally enveloping group of the above mentioned curved surfaces and forming 
working [displacement] chambers. 

In the presented illustrative material the female and male elements are represented 
respectively as a rotor and a stator of a positive displacement machine. 

As an example of the realization of this method a positive displacement machine is 
presented, in which the male element consists of an internally enveloping three-cornered rotor 1 
[Figure 1], Z=3, the working cavity [housing, chamber] of the female element is a two-cornered 
epitrochoid stator 5. The rotor 1 executes planetary movement, that is, with angular velocity a> 
with circumference at the angle 6 around the center O with circumference passing through point 
Oi ? while the rotor itself moves with angular velocity cd/3 around its center Oi in the direction 
coincident with the movement of its center with circumference, so that its three points Ai, A 2 , 
and A 3 slide along the epitrochoid of the stator, without losing contact with it. In this planetary 
scheme of motion the epitrochoid stator is stationary. 

An additional independent degree of freedom of rotational motion of the conjugated 
elements is introduced, for example, by activating three rotational movements, two of which are 
independent, and specifically, during the planetary motion of one of the conjugated elements, 
additional motion of the second conjugated element around its axis takes place, and during 
differential rotation of both conjugated elements, additional planetary motion of one of the 



conjugated elements around the axis of the second element takes place. The initial phase and 
direction of each of these rotations, and the values of angular velocities of the rotation of the 
above mentioned conjugated elements is calculated according to the ratios 

Ki CO i+K 2 C02+C03=0 
(Di/(Do=K 

co 2 /co 0 =[(Z-l)K+l]/Z 

where coi is the angular velocity around its axis of an element whose surface is in the 
form of the above mentioned curved surfaces, co 2 is the angular velocity of rotation around its 
axis of an element whose surface consists of an internally or externally enveloping group of the 
above mentioned curved surfaces, ©3 is the angular velocity of rotation of the synchronizing 
linkage, coo is the angular velocity of motion of the axis of the element executing planetary 
movement, ki and K 2 are the constant coefficients of the links, Z is the number of rotations of the 
enveloping group of curved surfaces mentioned above, any whole number greater than 1, and K 
is any real number. 

Adding a differential movement to the planetary motion of the rotor, that is forcing the 
rotor and stator to additionally rotate around their centers O' and O'i in one direction, the reverse 
direction of the planetary motion of the rotor with angular velocity is 2/3/ a> [rotor] and -co 
[stator]. 

In this case the rotor takes a summary velocity of its own rotation around its center equal 
to co/3-2/3co = -cd/3, and the angle of revolution \\f = -6/n around O'i the center of the rotor O'i 
retains its velocity of movement of circumference + 00 and angle 6, and the stator takes velocity 
-co. This indicates that the peaks A'i, A' 2 and A3 of the three-cornered rotor will in this case 
describe a hypotrochoid and slide simultaneously along the epitrochoid of the stator, which 
rotates around its center with an angular velocity of -co, and the rotor will not lose contact with 
the stator. The cycle of change of one closed volume between the rotor and the stator decreases 
to -45° of the angle of revolution of the rotor around its center, or what corresponds to + 135° of 
the angle of revolution of the center of the rotor - and - 135° of the angle of revolution of the 
housing around the center of the epitrochoid, that is, the cycle decreases in comparison with the 
known closest planetary analog with a stationary epitrochoid and three-point rotor by a factor of 
two [the number of cycles per revolution grew correspondingly by two times], while in 
comparison with the scheme of differential rotation, [it grew] by four times, which attests to the 
possibility of intensification of the thermodynamic cycles during such a conversion of motion. 
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In addition, the center of the rotor and stator rotate in opposite directions, that is counter 
rotationally, which significantly reduces the summary kinetic and reactive moments of the 
machine. 

The cycle of change of the working volume in the epitrochoid scheme with planetary 
motion of the rotor [with internal enveloping [surfaces]] with additional rotation of the stator 
[epitrochoid], in Figure 1 equal to 45°, can be realized with Z = 3 and a two-node epitrochoid 
under various angular initial phases of the center of the rotor and corresponding angular 
velocities of the elements and their centers, in particular, with the relationship of the angular 
velocities of rotation of the elements around their centers to the angular velocity of the center of 
an element executing planetary motion, that is ooi/ooo and 002/000. 

In particular, with an internally enveloping rotor 1 and epitrochoid stator 5 or with an 
initial hypotrochoid rotor 1 and an internally enveloping group of trochoid stator 5 the planetary 
motion of rotor 1 can be described by the ratio e yp + 1/Z e p , where e yp and e p are the unitary 
[individual] vectors of angular velocity of the center of rotor 1 and the rotor. To this we add the 
differential motion of rotation, described by the expression 

K e T K + K(Z-1)/Z e p , receiving K as e T K + e yp + [1+K(Z-1)]/Z e p . 

From this it follows, that with realization of the surface of an element with an internally 
or externally enveloping group of curved surfaces executing planetary motion, and the surface of 
an element with a curved surface rotating around its stationary center, the relationships of 
angular velocity of the element rotating around its stationary center and the angular velocity of 
rotation [around its center] of an element executing planetary motion to the angular velocity of 
the movement of the center of the element executing planetary motion is equal respectively to K 
and [(Z-1)K+1]/Z. 

Thus, for example, when Z = 3, with the planetary motion of the male element of the 
rotor with internal enveloping [surface?] and additional rotation of the epitrochoid housing and 
rotor around their centers, we have 

8 = 45°, K = -5, Ki = -5; K 2 = -3; cycle y = 45° of the rotation of the center of the rotor. 

6 = 135°, K = -1, Ki = -; K 2 = 1/3; cycle y = 45° of the rotation of the center of the rotor. 

The proposed method of conversion of motion in a mechanism with conjugated curved 
elements produces differentially connected rotation of these elements and the synchronizing 
linkage, while the velocity of their rotation is determined in accordance with the ratio 

K4CO1 + K2CO2 +CO3 = 0, 

where coi and ©2 are the angular velocities of rotation of the above mentioned elements, 
a>3 is the angular velocity of rotation of the synchronization linkage, Ki and K 2 are the constant 
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coefficients of the link, while the values of any two velocities are taken arbitrarily. With such a 
relationship, indicated by the absence in the mechanism of two degrees of freedom, it works as a 
differential mechanism. 

The following variants of conversion of motion of the mechanism are possible: 1/ without 
transmission of motion between the female and male elements, in which case their movement is 
determined by the synchronization linkages without interaction of the conjugated elements 
themselves; 21 with transmission of rotation by the interacting conjugated elements, in this case II 

the curved surfaces of the male and female produce mechanical contact, and form a kinematic 
pair and form the means of resulting transmission of motion between the male and female 
elements. 

In general it is possible to realize a kinematic chain of any number of additional male and 
female elements mounted in additional synchronization mechanisms with the possibility of 
rotational and planetary motion, and the basic and additional elements can be located together 
and side by side. 

Figure 2 presents an example of the realization of joining six curved surfaces of four 
stationary elements. In this variant of a positive displacement machine, an additional curved 
surface 30 is joined with the external surface of a female - stator 5. Here, if the internal surface 
of stator 5 is a curved surface, then the additional external surface 30 of the female element - 
rotor 1 - is also constructed as equidistant curved surfaces, and if the internal surface of stator 5 
is constructed as an external enveloping group of curved surfaces, then the external surface of 
rotor 1 is constructed as an internal enveloping group of curved surfaces. In addition a second 
female element is introduced - the rotor with surfaces 27 and 31, coaxially placed with the first 
male element - rotor 1 . In this case the internal curved surface 3 1 of the additional female 
element is constructed as a joined spring of surface 30 of the first female element - stator 5. 

In the presented variant some elements are firmly attached to each other. Thus, one of the 
elements - stator 5 - is firmly attached to the additional element with curved surface 30, with the 
equidistant surface of the element - stator 5, or with the surface which in turn envelopes the 
group of curved surfaces; another element with surface 3 1 is firmly attached with another 
additional element, constructed with surface 27, while all elements with surfaces 30, 31, 27, and 
29 are coaxially placed within each other. 

The method of conversion of motion in a positive displacement machine according to 
Figure 2 is realized in the same way as in Figure 1 but takes into account the simultaneous 
interaction of three pairs of conjugated surfaces. 
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The positive displacement machine in which the proposed method is realized is a 
stationary housing containing female and male conjugated elements constructed respectively as 
elements with conjugated surfaces in the form of a cycloid or trochoid, or equidistant above 
mentioned surfaces, or curved surfaces close to the former, or as fragments of these surfaces, 
while one of the conjugated elements is restricted by an above mentioned curved surface, and 
another is restricted by an external or internal enveloping group of these curved surfaces, and 
contains its own housing and synchronization mechanism - a synchronizer, mechanically 
connected conjugated elements and a stationary housing. In this mechanism with two degrees of 
freedom the conjugated elements are constructed with the possibility of simultaneous 
interconnected planetary motion of one of these elements around the axis of the other element 
and rotation of another of these elements, hinged to the housing, around its axis. 

The positive displacement machine is equipped with an additional joined synchronization 
mechanism; the conjugated elements are the main synchronization mechanism and the housing. 

Figures 3 and 4 schematically present a two-stage trochoidal positive displacement 
machine, including a female element stator 5 with a trochoidal internal surface and flat end walls 
[not shown in the drawing], stationary housing 6, a synchronizing link - crankshaft 7 with main 
journals hinged in the stationary housing 6, female element in the form of rotor 1 with a curved 
external surface hinged to the joint journal of crankshaft 7, the synchronizing element 
constructed as parallel crankshafts 22, joint journals hinged to the stationary housing 6, and joint 
journals hinged to rotor 1, while the radii of crankshaft 7 and crankshafts 22 are randomly 
chosen, and stator 5 is hinged to the stationary housing 6 and can rotate around it own axis and is 
mechanically joined with the additional synchronization mechanism. Crankshaft 7 is connected 
with stator 5 and with the joint journals of the parallel crankshafts 22 through a mechanism for 
transmission of rotation, for example, a reduction gear or a multiplier with gears 23, 24, 25, and 
26. Rotor 1 is constructed as a three-cornered internal enveloping component, and stator 5 as a 
two-node trochoid. 

Work in the mechanism proceeds according to the schematic in Figure 1 , but with 
forward motion of rotor 1 . During rotation of the crankshaft 7 the kinematic bond of the gears 
23, 24, 25, and 26 enables rotation of stator 5 with angular velocity two times less and in the 
opposite direction to crankshaft 7. Thanks to parallel crankshafts 22, rotor 1 executes circular 
forward motion. At Z = 3 the three-cornered rotor 1 with internal enveloping and two-node 
trochoid stator 5 [complete] an angular cycle of change of the closed volumes equal to y = 90° 
according to the angle of revolution of stator 5, that is, a full cycle, including four engine cycles, 
of work of the positive displacement machine takes place during one revolution of stator 5. 
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Figure 5 presents a variant of a two-stage positive displacement machine, which works in 
an analogous manner to the machine in Figure 3, but in this machine rotor 1 is constructed with 
an external surface in the form of a two-node trochoid, and stator 5 is constructed with an 
internal three-node externally-enveloping surface [Z=3]. In this machine rotor 1 is also installed 
in crankshaft 22, enabling its circular forward motion around axis O, and stator 5 is hinged to the 
housing and is capable of rotation. However in this variant rotor 1 and stator 5 form a 
self-synchronizing kinematic pair since the number of forming nodes [three] on the female 
element - stator 5 - is greater than the number on the male element - rotor 1, which has two 
nodes. In this case a synchronizer is not needed. 

The positive displacement machine works in the following manner. 

During rotation of crankshaft 7 [Figure 5] rotor 1 executes circular forward motion in a 
synchronizing element - the system of parallel crankshafts 22. During motion of rotor 1 
self-engagement of the rotor takes place with the internal surface of stator 5, and as a result stator 
5 engages rotor 1 and rotates in the same direction as crankshaft 7. The ratio of angular velocities 
of rotation of crankshaft 7 and stator 5 equals 3/1/. 

In the closed volumes, which change during rotation of crankshaft 7, between rotor 1, 
stator 5 and the flat end walls [not shown] thermodynamic cycles of positive displacement 
machines can occur. In particular, the four-stroke cycle of an internal combustion engine is 
realized in the mechanism in Figure 5 during a single rotation of stator 5, which enables gas 
distribution in the closed volumes of the machine presented in Figure 5 using a valve [not 
shown] on the stationary housing. 

Figures 7 and 8 present another variant of a trochoid machine with two degrees of 
freedom, which includes a two-node trochoid stator 5 with a center O and flat end walls [not 
shown], a three-node rotor 1 with curved surface placed in the cavity of stator 5, a stationary 
housing 6, and a synchronization mechanism for the motion of rotor 1 and stator 5. The 
synchronizer is realized as parallel crankshafts 22, whose journals are hinged to the stationary 
housing 6, and the hinged journals are hinged stator 5, while the stator is capable of circular 
forward motion whose center is coincident with axis O - O of the shaft of rotor 1, hinged in the 
stationary housing 6 and capable of rotation around it axis 0-0 and kinematically connects with 
the synchronizing element in the form of crankshaft 22 through a mechanism for transmission of 
rotation, for example, a reduction gear or a multiplier with round gears 23, 24. 

The work of the positive displacement machine in Figure 7 proceeds according to the 
schematic in Figure 1, but using the circular forward motion of stator 5. In this machine during 
rotation of rotor 1 the round gears 23 and 24 enable rotation of the main collar of the unitary 
crankshafts 22, firmly joined with round gears 24 to the eccentricity "e," with angular velocity, 
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for example, at Z=3, three times greater than the velocity of the shaft of rotor 1 . Since the 
trochoid housing 5 is hinged, in suspension, in the offset collars of crankshafts 22, then during 
rotation of crankshafts 22 stator 5 executes a circular forward motion, which corresponds to the 
schematic of Figure 1 in the case of rotational motion of rotor 1 and circular forward motion of 
stator 5. 

In the variants of the machine shown in Figures 3,5, and 7 the choice of the value of 
eccentricity "e" does not affect the value of the diameters of the synchronizing round gears 23, 
24, 25, and 26, which lets us use these schematics for the work of machines such as internal 
combustion engines with ignition of compressed fuel, where the value e is usually small. 

Figures 9 and 10 present a trochoid machine with two degrees of freedom, including 
trochoid stator 5 and flat end walls [not shown], a three-node rotor 1 with a curved external 
surface, a stationary housing 6, a synchronizing link in the form of crankshaft 7, whose main 
journals are hinged to the stationary housing 6 and capable of rotation, and pairs of round gears 3 
and 4, in continuous contact, one of which is connected to rotor 1 and the other to stator 5, and 
additional synchronization mechanism - a synchronizer consisting of round gears 2 and 8, the 
latter of which is geared internally, connected with the stationary housing 6, and the other is 
externally geared and installed on rotor 1. The movable trochoid stator 5, three-node rotor 1 on 
the cam, two round gears 2 and 3 on rotor 1 , round gear 4 on the trochoid stator 5 and the 
immobile round gear 8 form a counter-rotational trochoid positive displacement machine. 

The work of a trochoid positive displacement machine proceeds in the following manner. 
During rotation of the eccentric [cam] crankshaft 7 the round gear 2 of rotor 1 embraces the 
internal surface of the immobile round gear 8 and forces rotor 1 to execute planetary motion. The 
round gear 3 rotates the round gear 4 of the trochoid stator 5, which counter-rotates with respect 
to crankshaft 7. The change of the working volumes of the changer between rotor 1, stator 5 and 
the flat end walls of stator 5 occur two times more frequently than in the prototype, and the peaks 
of the rotor describe a hypotrochoid and simultaneously slide along the epitrochoid. 

The given case uses a synchronizer in the form of a pair of round gears 2 and 8. It is 
possible to construct a synchronizer in the form of a link gear with a rotation link or an inverter 
of the direction of rotation [not shown]. 

Rotor 1 and stator 5 in other variants of a positive displacement machine can be 
constructed as elements of a lantern gear, a wheel with cylindrical pins and a round gear with 19 

cycloid enveloping [surface]. 

In the general case, two rotation elements of a trochoid machine, one with 
counter-rotation, can be connected by means of driving gears with rotating elements of external 
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equipment or mechanisms, with which the transmission of rotational moments can be realized 
either from a trochoid machine to external equipment or in the reverse direction. Such a link can 
be realized, for example, with a counter-rotary turbine, a compressor or a counter-rotary electric 
machine. 

A trochoid machine can be equipped with a valve capable of sliding along a face or 
cylindrical surface of one of the conjugated elements [not shown]. 

The advantage of the invention consists in decreasing the angular extent of 
thermodynamic cycles, decreasing the flywheel resultant moment and the reaction on the 
bearings of the machine, improvement of volumetric specific indicators during realization of 
two-stage counter-rotary positive displacement machines and other variants and of two-stage 
positive displacement machines in accordance with this invention. 

Claims 

1 . A method of conversion of motion in a positive displacement machine, having 
conjugated elements, restricted mutually-embracing surfaces, constructed on one of the 
conjugated elements as a curved surface, and on the other as an external or internal enveloping 
group of surfaces, and constructed from the above-mentioned curved surface, including the fact 
that they execute mutually-joined rotational motion of the male and female conjugated elements 
and are capable of forming working displacement chambers and through linkages of 
synchronizing connections can synchronize the rotation of the male and female conjugated 
elements, distinguished by the fact that they produce differentially connected motion of the two 
above mentioned conjugated elements around their axes and the synchronizing linkage, two 
rotations of the above mentioned are independent of one another, while the angular velocity of 
rotation is determined by the ratio 

Kicoi + K 2 a>2 + a>3 = 0 

where a>i and a>2 are the angular velocities around their axes of the above mentioned 
conjugated elements; 

a>3 is the angular velocity of rotation of the synchronizing linkage; 

Ki and K 2 are the constant coefficients of the link; 

while simultaneously with the rotation of the conjugated elements around their axes there 
is additional planetary rotation of any of the conjugated elements around the axis of another 
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element, and the value of angular velocities of the rotation of the conjugated elements is taken 
from the ratio 

(Z-I)cdi - Zco 0 + CO2 = 0, 

where coi is the angular velocity of rotation around its own axis of an element whose 
surface is constructed as a curved surface; 

co 2 is the angular velocity of rotation around its own axis of an element whose surface is 
constructed as an internally or externally enveloping group of surfaces from the above mentioned 
curved surfaces; 

w 0 is the angular velocity of the motion of the axis of an element executing planetary 
rotation; 

A is a whole number, Z > 1 . 

2. A method as in Example 1, distinguished by the fact that, any two rotations of the 
rotations of two conjugated elements around their axes and the synchronizing linkage are 
synchronized. 

3. A method as in Example 1 or 2, distinguished by the fact that transmission of motion 
from one element to another is accomplished through mechanical contact of the curved surfaces 
of the male and female conjugated elements with resultant formation of a kinematic pair. 

4. A positive displacement machine containing a housing with a main axis, male and 
female conjugated elements, constructed with the capability of forming working chambers, and a 
synchronizer having at least one linkage, one of the conjugated elements hinged to the housing or 
the synchronizer and capable of rotation around the main axis, and the other conjugated element 
located in the synchronizer and capable of planetary rotation around the axis of the first element, 
while one of the conjugated elements is constructed from curved surface, and the second element 
is constructed in the form of an externally or internally enveloping group of surfaces formed 
from the above mentioned curved surfaces, distinguished by the fact that the synchronizer is 
placed in the housing and is capable of rotation relative to the main axis, while at least one of the 
conjugated elements and the synchronizer or at least two of the conjugated elements are 
interconnected and form a kinematic chain capable of synchronizing the rotation of two 
conjugated elements around their axes or the rotation of one of the conjugated elements around 
its axis and the rotation of the axis of the second conjugated element executing planetary rotation 
around the main axis in accordance with the ratio 
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Kicoi + K2CO2 + coo = 0, 

where a>i and CO2 are the angular velocities around their axes of the above mentioned 
conjugated elements; 

(Do is the angular velocity of rotation of the axis of the element executing planetary 
motion; 

Kl and K2 are the constant coefficients of the link, while two of the three above 
mentioned rotations co 0 , coi, and co 2 , are independent of each other. 

5. A machine as in Example 4, distinguished by the fact that it is equipped with an 

additional synchronizer, connected at least with any two of the following parts of the positive /10 

displacement machine - synchronizer, housing, conjugated elements. 

6. A machine as in Example 5, distinguished by the fact that an additional synchronizer is 
provided in the form of a transmission with a gear ratio equal plus or minus to one, or a 
mechanism of circular forward motion of one of the conjugated elements, or a link gear, or an 
inverter of the direction of rotation. 

7. A machine as in Example 4, 5, or 6, distinguished by the fact that it is equipped with 
an additional kinematic chain, connected with any two of the following parts of the machine - 
synchronizer, the housing, conjugated elements capable of decreasing by one the number of 
independent degrees of freedom of the machine. 

8. A machine as in Example 7, distinguished by the fact that an additional kinematic 
chain is realized as a planetary toothed transmission. 

9. A machine as in Examples 4, 5, 6, 7, or 8, distinguished by the fact that one of the 
conjugated elements is constructed with cylindrical pins. 

10. A machine as in Examples 4, 5, 6, 7, 8, or 9, distinguished by the fact that it is 
equipped with components for transmission of rotation, connected with at least with two of the 
following rotating parts of the machine: conjugated elements and additional synchronizer and 
having the means to connect at least two rotation elements of the internal components. 

1 1 . A machine as in Examples 4, 5, 6, 7, 8, 9, or 10, distinguished by the fact that it is 
equipped with additional male and female conjugated elements, constructed from the above 
mentioned curved surfaces or restricted enveloping groups of the above mentioned curved 
surfaces, capable of forming additional working [displacement chambers] and capable of 
rotational and planetary motion, which all conjugated elements are placed either with their axes 
together or coaxially in the chambers relative to each other and connected one to the other. 
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12. A machine as in Example 11, distinguished by the fact that one of the above 
mentioned conjugated elements is firmly connected with another additional conjugated element, 
another conjugated element is firmly connected with a second additional conjugated element, 
while these elements are placed in working chambers coaxially relative to each other. 

13. A machine as in Examples 4, 5, 6, 7, 8, 9, 10, 11, or 12, distinguished by the fact, that 
the male and female conjugated elements are capable of mechanical contact of their curved 
surfaces and can thus form kinematic pairs. 




Figure 1 




Figure 2 
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(57) PecjDepaT: 

Cnocoo" npeo6pa30BaHMsq ABM>KeHMfi b 

MaLUMHG O&beMHOrO paCLUMpeHMfl (BblTeCHeHMfl) 

i/i o6"beMHajq Mawi/ma MoryT 6biTb Mcnonb30BaHbi 

B peflyKTOpOCTpoeHMM, MOTOpOCTpoeHMH, 

KOMnpeccopocTpoeHMM, HacococTpoeHMM M T.A-, 
b TaKHX MexaHM3Max, KaK peAyKTopbi, 
AHctDcjDepeHi^najibi, MHBepTopbi n t.A-, b TaKnx 
MaujMHax, KaK ABuraTenn BHyTpeHHero 
cropaHM^, Hacocbi, KOMnpeccopbi m t.A- Cnocoo" 
npeo6pa30BaHM^ ABM>KeHL/m b ManiMHe 
o6"beMHoro pacu_inpeHkm (BbiTecHeHna) 

3aKJ1HDMaeTC5q B TOM, MTO OCyU4eCTBJ1^K)T 

AHcjDcjDepeHi^ManbHO CBfl3aHHbie BpaLneHi/m AByx 
BbiLiieynoMSRHyTbix conpfl>KeHHbix aneMeHTOB 

BOKpyr CBOMX OCeM \A 3BeHa CHHXpOHI/13MpyK)LHeFi 
CBA3I/I, ABa BpaLU,eHM51 1/13 ynOMflHyTblX BblLLie 

9\sn9\\OTC9] He3aBMCMMbiMM Apyr ot Apyra, 
npMHeM ymoBbie ckopocth BpameHMM 
onpeAenjiKJT M3 onpeAeneHHoro cooTHOLueHkm. 
OAHOBpeMeHHO c Bpau^eHneM conpfl>KeHHbix 
sneMeHTOB BOKpyr cbomx ocefi ocyinecTBnflKDT 
AO n on h m Ten b ho nnaHeTapHoe BpameHwe 
nrocoro L/i3 conpfl>KeHHbix aneMeHTOB BOKpyr ocm 
Apyroro aneMeHTa, a BennnnHbi yrnoBbix 
CKopocTeM Bpaii^eHMM conp5R>KeHHbix aneMeHTOB 
Bbi6npaKDT TaioKe M3 onpeAeneHHoro 
COOTHOLUeHMfl. OcoSeHHOCTbKD BbinonHeHi/ifi 
MaiuMHbi o6-beMHoro pacujupeHH^ (BbiTecHeH^m) 

9\BH9\eTC9\ TO, HTO CMHXpOHM3aTOp yCTaHOBneH B 
KOpnyce C B03MO>KHOCTbKD BpaLAeHMJI 

OTHOCMTenbHO ochobhom ocm, npw 3tom no 



MeHbLuei/i Mepe oamh H3 conpjweHHbix 
aneivieHTOB m cnHxpoHM3aTop nnn no MeHbiueM 
Mepe ABa conpfl>KeHHbix aneMeHTa cBA3aHbi 
Me>KAY co6oPi c o6pa30BaHMeM KMHeMaTi/mecKOM 

L^enM, yCTaHOBneHHOM C B03MO>KHOCTbHD 

cnHxpoHM3ai4MM Bpau^eHMM AByx conp^eHHbix 
aneMeHTOB BOKpyr cbomx ocePi nnn Bpau4©Hi/ia 
OAHoro M3 conpsq>KeHHbix aneMeHTOB BOKpyr 
CBoefi och h BpaLi^eHnsq ocm conpa>KeHHoro 
aneMeHTa, coBepniafOLAero nnaHeTapHoe 
Bpau^eHne, BOKpyr ochobhom ocm b 
cooTBeTCTBMM c onpeAeneHHbiM cooTHOLueHweM. 
Ooecnem/iBaeTCfl B03MO>KHOCTb yBennMeHna 
MMcna pa6oHnx u,ni<noB 3a oahh o6opoT 
npMBOAHoro Bana. 2 c. n 11 3.n.4>-nbi, 10 nn. 




onr.i 



-1- 



00 




(19) RU (11) 



2 140 018 3 C1 

F 04 C 2/00 



(51) Int. CI. 6 



RUSSIAN AGENCY 
FOR PATENTS AND TRADEMARKS 



< 12 > ABSTRACT OF INVENTION 



ro 



(21), (22) Application: 98109084/06, 13.05.1998 


(71) 


Applicant: 






Brodov Mikhail Efimovich (RU), 


(24) Effective date for property rights: 13.05.1998 




Gorban' Aleksandr Mikhajlovich (UA) 


(46) Date of publication: 20.10.1999 


(72) 


Inventor: Brodov M.E.(RU), 


(98) Mail address: 




Gorban' Aleksandr Mikhajlovich (UA) 




117602, Moskva, Michurinskij pr-t, 


(73) 


Proprietor: 


"Olimpijskaja derevnja", d.8, kv.8, Brodovu M.G. 


Brodov Mikhail Efimovich (RU), 






Gorban' Aleksandr Mikhajlovich (UA) 



(54) METHOD OF CONVERSION OF MOTION IN POSITIVE-DISPLACEMENT MACHINE AND 
POSITIVE-DISPLACEMENT MACHINE FOR REALIZATION OF THIS METHOD 



o 



oo 



(57) Abstract: 

FIELD: manufacture of reduction gears, 
engines, compressors, pumps, internal 
combustion engines. SUBSTANCE: method 
consists in differential rotations of 
engageable members around their axes and 
synchronizing linkage member; both rotations 
are independent; angular rates of rotations 
are determined from definite relationship. 
Simultaneously with rotation of engageable 
members about their axes, planetary rotation 
of any of engageable member about axis of 
other member is performed; angular rates of 
rotations of engageable members are also 
selected form definite relationship. 
Specific feature of positive-displacement 
machine is position of synchronizer mounted 
in housing for rotation about main axis; at 
least one engageable member and synchronizer 
or least two engageable members are linked 
forming kinematic chain for synchronization 
of rotations of both engageable members 
about their axes or rotation of one of 
engageable member about its axis and 



rotation of axis of engageable member 
performing planetary rotation about main 
axis in accordance with definite 
relationship. EFFECT: possibility of 
increasing number of working cycles per 
revolution of drive shaft. 13 cl, 15 dwg 
YA 
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H3o6peTeHne othocmtch k 

MaLUMHOCTpOGHMK), B TOM HHCJie K 

MOTopocTpoeHMK), KOMnpeCCOpOCTpoeHMK) , 
HaCOCOCTpoeHMK) M T.fl., M MO>KeT 6blTb 

Mcnorib30BaHO b MexaHHHecKnx ycTpoCicTBax M B 
06-beMHbix MaiuMHax, npeo6pa3yfOLHnx SHeprnio 
pa6oneM cpeflbi - >kmakoctm mjim ra3a, Hanpniviep, 
b poTopHO-nopiuHeBbix ABuraTenax BHyTpehmero 
cropaHMfl c i^MKnaMM Tuna Otto, flM3erifl hjim b 
TpoxoMflHbix ABwraTermx Tuna BaHKej-m. 

Bee M3BecTHbie cnocoo'bi npeo6pa30BaHMfl 
ABM>KeHM5q B TpOXOMflHblX o6"-beMHbix MaiuMHax 
cboa^tc^ k AByivi: Bpam,aTenbHOMy 
/6npoTaTMBHOMy/ m nnaHeTapHOMy. ComacHO 
nepBOMy M3 hmx AByx 3BeHbflM 
oxBaTbiBafOLAeMy m oxBaTbiBaeMOMy 

aneivieHTaM, MMeioinMM McxoAHbiM m 
conpfi>KeHHbiM npocjDMJiM, cooo'Lu.aioT BpameHMe 
BOKpyr HenoABM>KHbix napariJienbHbix ocePi; 
comacHO BTopoiwy cnoco6y - OAHOMy M3 stmx 
sneMeHTOB coo6LAaioT nnaHeTapHoe ABM>KeHne 
OTHOCHTeribHO i^eHTpa Apyroro, npMMeM 
HenoABM>KHoro aneivieHTa. 

flna nnaHeTapHoro cnocooa 
npeo6pa30BaHHfl ABM>KeHMfl kojimmgctbo noriHbix 
U.HKJ10B i/i3MeHeHMfl o6"beMa Kaiviepbi, 

OrpaHMHGHHOM KpMBOnMHeMHblMM 

noBepxHOCT^MM poTopa M TpOXOMAHOM 
noBepxHOCTbfo CTaTopa 3a oahm o6opoT 
npHBOAHoro Bana, paBHO HMcny BeTBeM 
TpoxoHAbi j=/Z-1/, rAe Z=2,3,4... - ntoooe 
u,enoe hmcjio, paBHoe KOJinnecTBy ToneK 
nepeceMeHMfl BHyTpeHHeM" m HapywHOM" 
orn6aK)LAMX ceMePicTBa TpoxonA- KonnMecTBO 

xoaob rpaHM poTopa, npn kotopom o6-beM 
pa6onero Tena M3MeHfleTca ot MMHMManbHoro 
AO MaKCMManbHoro 3HaHeHMfl, paBHO 2j, Ka>Kflblfi 
xoa nponcxoAMT npn noBopoTe LJ,eHTpa 
nnaHeTapHoro aneMeHTa Ha yron y = 7rZ/(Z-1) 

M3BecTHbie cnoco6bi npeoo"pa30BaHi/m 
ABH>KeHM5q npni\/ieH?iK)TCfi b oCrbeMHbix MaiuMHax 

C OAHOM He3aBMCMMOM CTeneHbK) CBOSOAbl 

BpaLAaTeribHoro ABM>KeHMfl c conpaweHHbiMM 
aneivieHTaMM KpuBonnHeCiHOM qbopMbi, 
HanpMMep, b MexaHH3Max c u,MKnoMAanbHbiM 
3au,enneHMeM /aBTopcKoe CBHAeTenbCTBO CCCP 
N 205567/. 

3tm cnocoo'bi npMMehmfOTCfl b tpoxomahnx 
o6"beMHbix MaiuMHax, b KOTopbix b npoi4ecce 
ABM>K6HMfi conp^>KeHHbix oxBaTbiBaioLnero n 
oxBaTbiBaeivioro aneivieHTOB, MMeioLAMX 
BHyTpeHHue mum Hapy>KHbie TpoxoMAHbie 
/i^MKnoMAHbie/ npocpMriM, npoMCXOA^T 
nepMOAMMecKMe m3mgh6hmji o6"beMa 
BbiTecHMTeribHbix KaMep m pa3HMHHbie 

TepMOAMHaMMHeCKMe L^MKTIbl /BeHMOBMH B.C., 

Ana3MAM r.fl., Bomko A.M. PoToponopujHeBbie 
ABuraTenn. M. : MaLUMHOCTpoeHne, 1968 v. I. 

B M3BeCTHblX o6"beMHbix ManiMHax 
B3aMMOCBfl3aHHoe ABMxeHMe oxBaTbiBaioLAero m 
oxBaTbiBaeivioro aneMeHTOB ooecneHMBaeTCfl 

MexaHM3MOM CMHXpOHM3ai_^MM, a ecfiM Ha 

oxBaTbiBaK)LU[eM aneivieHTe hmcjio 

cpopMOo6pa3yiOLU 1 MX Ayr npocpMna 6onbLue, HeM 
Ha oxBaTbiBaeMOM aneivieHTe, to cwHxpoHM3au 1 km 
oSecneHMBaeTCfl nyTeM caM03aLJ,enneHMfl caMMX 
sneMeHTOB, T.e. 6e3 npMMeHeHMfi cneu,MaribHbix 

MexaHM3MOB CMHXpOHM3aU,MM. 

HaM^oriee 6jim3kmm TexHMHecKMM peuueHMeM 
k npeAno>KeHHOMy cnoco6y 5RBJi5qeTC5q cnoco6 
npeo6pa30BaHMfl ABMxeHMsq b tpoxomahom 
o6-beMHOM MaujMHe, BKHfonaioLAMM co3AaHMe 

U,MKTlMHeCKM MSMeH^NDLAMXC^ 3aMKHyTblX 
06"beM0B Me>KAy KMHeMaTMHeCKM 

B3aMMOAeMCTByfOLAMMM 3JieM8HTaMM - pOTOpOM 
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M KOpnyCOM - OXBaTblBaeMbIM M OXBaTblBaKDLAMM 
SneiVieHTaMM C U^MKriOMAHblMM /TpOXOMAHbIMM/ 

qbopMaMM B3anMOAeMCTByK)U4MX 
reoMeTpMHecKMX noBepxHOCTeM mum npM 
6MpOTaTMBHOM ABM>KeHMM o6omx ynoM^HyTbix 
aneivieHTOB /naTem - OpaHi4MM N 2719874, 1995/. 

H3BecTHbie cnoco6bi npeo6pa30BaHMfi 
ABM>KeHMfl b 06-beMHbix MaujMHax c 

COnp5R>KeHHblMM SJieMeHTaMM KpMBOJIMHeMHOM 

qbopMbi, peann30BaHHbie b o6-beMHbix Mawi/max, 

06jiaAaK)T OrpaHMHeHHbIMM TeXHMHeCKMMM 
B03MO>KHOCT5RMM, He n03BOJ1SRfOLU 1 MMM yBeJIMHMTb 
KOJIMHeCTBO pa60HMX U.MKT10B, ocyLnecTBJi^eMbix 
3a oamh o6opoT /nepMOA o6pau4eHMsq/ 
aneMeHTOB BbiTecHMTenbHOM napbi, a TaioKe 

nOBblCMTb Kflfl BBMAy HailMHMfl peaKTMBHOM 

CMJibi Ha onopax HenoABM>KHoro Kopnyca 

MaUJMHbl. 

3aAaHeM, Ha peiueHMe kotopom HanpaBfieHO 
HacTO^LAee M3o6peTeHMe, fiBrmeTCfl 

paCLUMpeHMe TeXHMHeCKMX M CjDyHKI^MOHaJIbHblX 

B03MO>KHOCTeM nyTeM yBeiiMHeHMfl HMcna 
He3aBMCMMbix CTeneHeM CBo6oAbi 

BpaLAaTenbHoro ABM>KeHM?i ao AByx m HMcna 

pa60HMX U.MKTIOB M3MeHeHMfl o6"beMOB pa6oHMX 

/BbiTecHMTeribHbix/ KaMep 3a oamh o6opoT 
npMBOAHoro Bana c OAHOBpeMeHHbiM 
yMeHbLueHMeM 3HaneHMM cyMMapHoro MaxoBoro 
MOMeHTa m peaKU,MM Ha onopax o&beMHOM 

TpOXOMAHOM MaUJMHbl. 

flnfl AOCTM>KeHM^ yKa3aHHoro Bbiuje 
TexHMHecKoro pe3yribTaTa b M3BecTHOM cnoco6e 
npeo6pa30BaHM5q ABM>KeHM5q b MaujMHe 
o6"beMHoro pacujMpeHMfi /BbiTecHeHM^/, 
MMefOLU,eM conp^>KeHHbie aneMeHTbi, 

OrpaHMHeHHbie B3aMMOOrM6aKDLJ4MMM 
nOBepXHOCTflMM, BbinOJIHeHHblMM Ha OAHOM M3 

conpyweHHbix sneMeHTOB b BMAe 
KpMBOJIMHeMHOM noBepxHOCTM, a Ha ApyroM - B 
BMAe HapyxHOM mjim BHyTpeHHeM orM6afom 1 eM 
ceMeMCTBa noBepxHOCTeM, o6pa30BaHHoro c 

nOMOLU,bK) BblLUeynOMflHyTOM KpMBOJIMHeMHOM 

noBepxHOCTM, saKnfOHaKDLAeMC^ b tom, hto 
co3AaK)T B3aMMOCBfi3aHHbie BpaLU,aTeribHbie 
ABM>KeHM5q oxBaTbiBaioinero m oxBaTbiBaeMoro 

COnpfl>KeHHblX SJieMeHTOB C B03MO>KHOCTbK) 

o6pa30BaHM^ BbiTecHMTejibHbix paSoHMX KaMep, 

M nOCpeACTBOM 3BeHbeB CMHXpOHMSMpyiOLHeM 
CB513M CMHXpOHM3MpyK)T Bpaii^eHMfl 

oxBaTbiBaKDLU,ero m oxBaTbiBaeMoro 

conp?i>KeHHbix sneMeHTOB, ocym,ecTBJ-mfOT 
AMcjDCjpepeHLJ.MajibHO CB?i3aHHbie Bpam,eHM5q AByx 
BbiujeynoMflHyTbix conp^>KeHHbix sneMeHTOB 

BOKpyr CBOMX OCeM M 3BeHa CMHXpOHM3MpyfOLU,eM 

cb^3m Asa Bpam,eHM5q M3 ynoM^HyTbix Bbiuje 
flBfiflfOTCfl He3aBMCMMbiMM Apyr ot Apyra, 
npMHeM ymoBbie ckopoctm Bpai_u,eHMM 
onpeAe-n^JOT M3 cooTHOiueHMfl 

K-| 03 -| + K2C0 2 + w 3 = 0. 

rAe 

03-1,032 -ymoBbie ckopoctm Bpam,eHM5q BOKpyr 
cbomx oceM BbiujeynoMfiHyTbix conpa>KeHHbix 

SJieMeHTOB, 

033 - yrnoBafi CKopocTb Bpam,eHMa 3BeHa 

CMHXpOHMSMpyJOLAeM CBJq3M, 

K-|, K2 - nOCTOJlHHbie K03C}D4)MU 1 MeHTbl CB^3M, 

npM 3tom OAHOBpeMeHHO c Bpam,eHMeM 
conpfl>KeHHbix sneMeHTOB BOKpyr cbomx oceM 
ocym,ecTBj-mK)T AonojiHMTejibHO njiaHeTapHoe 
Bpam,eHMe Jifo6oro M3 conp?i>KeHHbix ajieMeHTOB 
BOKpyr ocm Apyroro aneMeHTa, a BeriMHMHbi 
ymoBbix CKopocTePi BpaLU,eHMsq conp?i>KeHHbix 

SJieMeHTOB Bbl6MpaK)T M3 COOTHOLUeHMJI 
(Z-1 )o3-|-Zo32 + «o = ®> 
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rAe co -] - yrjioBaa CKopocTb BpaLneHMfl BOKpyr 
CBoeM ocm sneMeHTa, noBepxHOCTb KOToporo 
BbinonHeHa b BHfle kphbojimhsmhom 

nOBepXHOCTM, 

co 2 - ymoBafl CKopocTb BpaiijeHMfl BOKpyr 
CBoePi ocm aneivieHTa, noBepxHOCTb KOToporo 
BbinonHeHa b cjDopivie BHyTpeHHefi mjim Hapy>KHOM 
orn6aioLL^eM ceMePicTBa noBepxHooreM, 
o6pa30BaHHoro c noMOLi^bio BbiweynoMflHyTOM 

KpHBOJIMHeMHOM nOBepXHOCTM, 

co 0 - yiTIOBafl CKOpOCTb flBM>KeHMfl OCM 

aneivieHTa, coBepwaioLAero njiaHeTapHoe 
Bpau^eHMe, 

Z - uenoe mmcjio, Z>1 . 

Kpoivie 3Toro, Jifo6bie flBa Bpau^eHMfl M3 
Bpau4eHMM AByx conpflweHHbix aneivieHTOB 

BOKpyr CBOMX OCeM M 3BeHa CMHXpOHM3MpyfOLI46M 
CBE3M MOryT CMHXpOHM3MpOBaTb Me>Kfly co6om. 

Kpoivie 3Toro, nepeAany ABMweHMfl ot oflHoro 
ajieivieHTa flpyroiviy MoryT ocymecTBrmTb nyTeM 
BBefleHMfi b MexaHMMecKoe conpMKOCHOBeHMe 
KpMBOJiMHeMHbie nOBepXHOCTM oxBaTbiBafomero 
m oxBaTbiBaeMoro conpfl>KeHHbix aneivieHTOB c 
o6pa30BaHneM npn stom KMHeiviaTMHecKOM napbi. 
Han6onee 6jim3kmm TexHMMecKMM peiueHMeM k 
npeAno>KeHHOMy ycTpoPicTBy HBrmeTCH 
TpoxoMflHaa o6""beMHafl ManiMHa, coAepwamafl 

KOpnyC C OCHOBHOM OCbK), B KOTOpOM 

pacnorioxeHbi oxBaTbiBafou^MM m oxBaTbiBaeMbiM 

COnp5q>KeHHbie STieMeHTbl C B03MO>KHOCTbK) 

o6pa30BaHMfl pa6oMMX KaMep, 

CMHxpoHM3MpyK)Li^a?i CB^3b Me>KAy 

COnp5q>KeHHblMM SJieiVieHTaMM, npM 3TOM OAMH M3 

conpa>KeHHbix sjieMeHTOB BbinoriHeH c 

nOBepXHOCTbK) B CjDOpMe KpMBOJIMHOMHOM 

nOBepXHOCTM, a flpyroM ajieMeHT - b bma© 
Hapy>KHOM mjim BHyTpoHHOM orMoafomeM 
ceivieMCTBa BbiiueynoM^HyTOM KpMBoriMHeMHOM 

nOBepXHOCTM. 

PaooHMe Kaiviepbi o6pa30BaHbi 

OXBaTblBafOLi^MM M OXBaTblBaeMbIM SJieMeHTaMM 
M flByMfl nJIOCKMMM TOpi^eBblMM CTeHKaMM, 

CMHxpoHM3aTop o6pa30BaH 3y6naTOM napoM, 
BKJiioHaKDLneM LuecTepHM BHeniHero m 
BHyTpeHHero sai^enjieHMfl, npM stom b Kopnyce 

pa3MeLL\eH 3KCU,eHTpMKOBblM Bail C KOpeHHbIMM 
LUeMKaMM M pOTOp, MMGKDLJ^MM HeCKOJlbKO BGpLUMH 

c Ayroo6pa3HbiMM CTopoHaMM, pasMeiu.eHHbiM 

LUapHMpHO Ha 3KCI4eHTpMKe 3KCI4eHTpMKOBOrO 
BaJia M >KGCTKO COeflMHeHHbIM c LLiecTepHeM 
BHyTpeHHero 3au,enjieHMfl, HaxoA^u^MMCfl b 
nocTOHHHOM 3ai4enneHMM c LuecTepHeM 
BHeiuHero sai^enneHMfl Topi^eBOM CTeHKM 
/CyXOMJIMHOB P. M. TpoxoMflHbie poTopHbie 
KOMnpeccopbi. M3fl. 06-beflMHeHMe Bm 1.14a LiiKoria, 
rocyHMBepcuTeT, XapbKOB, 1975 r., CTp. 70-71/. 

H3BecTHoe ycTpoMCTBO ooriaAaeT oahom 
He3aBMCMMOM CTeneHbfo CBo6oAbi 

BpaLU,aTeribHoro ABMweHMfl m orpaHMMeHHbiMM 

TeXHMMeCKMMM B03MO>KHOCTflMM, He 

n03BOJlflK5LHMMM yBeJIMHMTb KOJlMHeCTBO paOOHMX 

UjMkjiob, ocyu^ecTBn^eMbix 3a oamh o6opoT 
/nepMOA o6paLi^eHM5q/ ajieMeHTOB 
BbiTecHMTeribHOM napbi, a TaioKe noBbicMTb Kllfl 
BBMAy HariMHMfi peaKTMBHOM CMiibi Ha onopax 
HenoABMXHoro Kopnyca MaujMHbi. TaK, 
HanpMMep, b ABMraTerie BaHKejia oamh noriHbiM 

L^MKTl, paBHbIM HeTbipeM yKa3aHHblM paOOHMM 

u,MKJiaM, ocyiu.ecTBJifieTCiq 3a TpM ooopoTa 
3Kci4eHTpMKOBoro Baria. Kpoivie Toro, y 

M3BeCTHblX 06-beMHblX TpOXOMAHblX MaLUMH Ha 

onopw HenoABM>KHoro Kopnyca j3,&\acte)j\ot 

CyLAeCTBeHHbie CTaTMMeCKMM peaKTMBHbIM m 
MHepi^MOHHblM MOMeHTbl, HTO CHM>KaeT MX 

Hafle>KHOCTb m AonroBeHHOCTb. 



3aAaMeM, Ha peujeHMe kotopom HanpaBiieHO 

HaCT05qL4ee M306peTeHMe, flBJlfleTCfl 
paCLUMpeHMe TeXHMHeCKMX M CjDyHKL^MOHailbHblX 

B03MO>KHOCTeM nyTeM yBeriMMeHMfl HMCJia 
He3aBMCMMbix CTeneHeM CBOooAbi 

5 BpaLL\aTeribHoro ABM>KeHM5q ao AByx m 
yBeriMHeHMfl A^sina30Ha nepeAaTOHHbix 

OTHOLUeHMM MexaHM3MOB C KpMBOJIMHeMHblMM 

aneMeHTaMM m yBeriMMeHM5q HMcna pa6oMMX 

I4MKJIOB M3MeHeHMfl 06-beMOB BblTeCHMTeflbHblX 

1Q KaMep 3a oamh o6opoT npMBOAHoro Bana c 
OAHOBpeMeHHbiM yMeHbiueHMeM 3HaMeHMM 
cyMMapHoro MaxoBoro MOMeHTa m peaKi^MM Ha 
onopax 06-beMHbix TpoxoMAHbix ManiMH. 

fljia AOCTM>KeHM5R yKa3aHHoro Bbiiue 
TexHMHecKoro pe3yribTaTa b M3BecTHOM MaiuMHe 

15 o6-beMHoro paciuMpeHMsq /BbiTecHeHM^/, 

coAep>KaLAeM Kopnyc c ochobhom ocbio, 
oxBaTbiBaioLi^MM m oxBaTbiBaeMbiM conpflweHHbie 

SJieMeHTbl, yCTaHOBJieHHbie C B03MO>KHOCTbK) 

o6pa30BaHMjq pa6onnx KaMep, m CMHxpoHM3aTop, 

MMeiOLL^MM no MeHbLLieM Mepe OAHO 3BeHO, oamh 
20 M3 conp^>KeHHbix SJieMeHTOB LUapHMpHO 
ycTaHOBneH b Kopnyce mjim CMHxpoHM3aTope c 

BO3MO>KHOCTbK0 BpaLAeHMJI BOKpyr OCHOBHOM OCM, 

a btopom conpa>KeHHbiM sneMeHT ycTaHOBneH b 

CMHXpOHM3aTOpe C B03MO>KHOCTbK) 

nnaHeTapHoro BpaLAeHMsq BOKpyr ocm nepBoro 
25 srieMeHTa, npM stom oamh M3 conpyixeHHbix 

SJieMeHTOB BbinOJIHeH C KpMBOJIMHeMHOM 

noBepxHOCTbK), a ApyroM sneMeHT - b bma© 
Hapy>KHOM mjim BHyTpeHHeM orM6aioLAeM 
ceMeMCTBa noBepxHooreM, o6pa30BaHHoro c 

3Q nOMOLAbK) BblLLieynOMflHyTOM KpMBOJIMHeMHOM 
nOBepXHOCTM, CMHXpOHM3aTOp ycTaHOBneH B 
KOpnyce C B03MO>KHOCTbHD BpaLAeHMsq 
OTHOCMTeJIbHO OCHOBHOM OCM, npM 3TOM no 

MeHbLueM Mepe oamh M3 conpswceHHbix 

SJieMeHTOB M CMHXpOHM3aTOp MJIM no MeHbLLieM 

35 Mepe Asa conpfl>KeHHbix ajieMeHTa CB?i3aHbi 

Me>KAy CO6OM C 06pa30BaHMeM KMHeMaTMHeCKOM 
L^enM, yCTaHOBJieHHOM C B03MO>KHOCTbK) 

CMHxpoHM3ai4MM Bpau^eHMM AByx conpa>KeHHbix 
sjieMeHTOB BOKpyr cbomx oceM mjim BpameHMfl 
OAHoro M3 conp^>KeHHbix sjieMeHTOB BOKpyr 
40 cBoeM ocm m BpaLL\eHM5q ocm Apyroro 
conp5q>KeHHoro ajieMeHTa, coBepujaioLAero 
njiaHeTapHoe BpameHMe, BOKpyr ochobhom ocm, 

B COOTBeTCTBMM C COOTHOLUeHMeM 
K-| co 1 + K2C0 2 + co 3 - 0, 

45 rAe (0^0)2 - yrjioBbie ckopoctm BpaLu,eHMfl 

BOKpyr cbomx oceM BbinieynoM^HyTbix 
conpaweHHbix sneMeHTOB, 

co 0 - ymoBaa CKopocTb Bpauj.eHMa ocm 
sjieMeHTa, coBepLuaioLAero njiaHeTapHoe 

ABM>KeHMe, 

60 K-i, K 2 - nOCTOflHHbie K03C|DC)DMI4MeHTbl CB?13M, 

npM 3tom JiK)6bie ABa M3 Tpex BbiujeynoM^HyTbix 
BpameHMM coo,co-|,co2 He3aBMCMMbi Apyr ot Apyra. 
KpoMe 3Toro, ManiMHa MO>KeT 6biTb 

CHa6>KeHa AOnOJlHMTeJlbHblM CMHXpOHM3aTOpOM, 
55 CBfl3aHHblM no KpaMHeM Mepe C JlK)6blMM AByM5q 
M3 CJieAyiOLUMX MaCTeM 06"beMH0M MaLUMHbl - 

CMHxpoHM3aTopoM, KopnycoM, conpswceHHbiMM 
3JieMeHTaMM. 

KpoMe SToro, AonojiHMTeribHbiM 

CMHXpOHM3aTOp MO>KeT 6blTb BbinOJIHeH B BMA© 

60 nepeAaHM c nepeAaTOHHbiM OTHOLueHMeM, 

paBHbIM njiioc MJIM MMHyC eAMHML^e, MJIM 

MexaHM3Ma KpyroBoro nocTynaTejibHoro 

ABM>KeHMfl OAHOrO M3 COnp?1>KeHHblX SJieMeHTOB, 

mjim KyjiMCHoro MexaHMSMa, mjim MHBepTopa 
HanpaBJieHi/m BpaLAeHMjq. 

KpoMe 3Toro, ManiMHa MoxeT 6biTb 



CHa6>KeHa AononHMTenbHOM KMHeMaTMHecKOM 

UenbfO, CBfl3aHHOM C J1K)6blMM AByMfl M3 
CJieAyNDLL^MX MaCTeM MaLUMHbl 

CMHXpOHM3aTOpOM, KOpnyCOM, COnpfl>K6HHblMM 
3JieMeHTaMM C B03MO>KHOCTbHD yMeHbLUeHMfl Ha 

eflUHMi^y KoiiMHecTBa H©3aBMCHMbix CTeneHeCi 

CBOSOflbl MaLUMHbl. 

Kpoivie 3Toro, AononHMTenbHaa 
KHHeiviaTMMecKafl u,enb MO>KeT 6biTb BbinoriHeHa 
b BMfle nnaHeTapHOM 3y6naTOM nepeAanw. 

Kpoivie 3Toro, oamh M3 conpfl>KeHHbix 

3JieMeHTOB BbinOJIHeH C LJMnMHAPMHeCKMMM 

u,eBKaiviM. 

Kpoivie 3Toro, OHa mo>kgt 6biTb CHa6>KeHa 
ycTpoMCTBaMM nepeAaMM BpameHMM, 
CB5q3aHHbiMM no MeHbiueM Mepe c AByMfl M3 
cneAyHDLAMX BpainaioLAMXcfl MacTeM MaiunHbi: 
conpaxeHHbiMM sneMeHTaMM v\ 

AOnOJIHMTeJIbHbIM CMHXpOHM3aTOpOM, H 

mmgk)U4MMM cpeACTBa A/ifl coeAMHeHMfi no 
MeHbiueM Mepe c AByMfl BpamaioLAMMMCfl 

OJieMeHTaMM BHeLUHMX yCTpOMCTB. 

Kpoivie 3Toro, OHa MO>KeT o"biTb CHa6>KeHa 

AOnOJIHMTeJlbHblMM OXBaTblBaKDLU.MMH M 

OXBaTblBaeMbIMM COnpfl>KeHHblMM SJieMeHTaMH, 

BbinonHeHHbiMM c BbiLueynoM^HyTOM 

KpMBOnMHeMHOM nOBepXHOCTbKD nnn 

orpaHMMeHHOM orn6aioLnefi ceMePicTBa 
BbnueynoMi^HyTOM KpuBoriHHeMHOM 

nOBepXHOCTbKD, yCTaHOBJieHHbIMM c 

B03MO>KHOCTbHD 06pa30BaHHfl AOnOJIHMTeJIbHblX 
pa60HMX KaMep M C B03MO>KHOCTbK) 

BpaiAaTenbHoro h nnaHeTapHoro ABM>KeHMM, npn 
stom Bee conp^>KeHHbie aneMeHTbi 
pacnono>KeHbi mum coocho phaom, mjim 
Koa kcm an b h o b KaMepax Apyr OTHOCMTeribHO 
Apyra m CBfl3aHbi oahm CApyrMMM. 

Kpoivie 3Toro, oamh M3 BbnueynoM^HyTbix 

COnp^XeHHblX SJieMeHTOB MO>KeT 6blTb >KeCTKO 

coeAMHeH c oahmm AonojiHMTeribHbiM 
conpaxeHHbiM ajieivieHTOM, APyroM 
conpflxeHHbiM aneivieHT >KecTKO coeAMHeH c 
BTopbiM AonojiHMTeribHbiM conpfl>KeHHbiM 
aneivieHTOM, npM stom ynoivmHyrbie aneMeHTbi 
ycTaHOBJieHbi b pa6oMMX KaMepax Apyr 
OTHOCMTeribHO APyra KoaKcwanbHO. 

Kpoivie 3Toro, oxBaTbiBafOLAMe m 
oxBaTbiBaeMbie conpaweHHbie aneMeHTbi MoryT 

6blTb yCTaHOBJieHbl C B03MO>KHOCTbKD 

MexaHMHecKoro conpMKOCHOBeHM^ mx 
KpMBOJIMHeMHblX noBepxHOCTeM M 06pa30BaHM5q 
npM 3TOM KMHeMaTMHeCKOM napbi. 

Ha cjDMr. 1 M3o6pa>KeHa cxeivia, noacHflioLnafl 
cnocoo" npeo6pa30BaHM5i ABMweHMfl b 
tpoxomahom 06-beMHOM ManiMHe. 

Ha cjDMr. 2 - nonepeHHoe ceneHMe paooHMX 

KaMep o6"beMHOM MaLUMHbl C AOnOJIHMTeribHblMM 
OXBaTblBaK)Li^MMM M OXBaTblBaeMbIMM 

srieMeHTaMM. 

Ha cjDMr. 3 - npoAonbHbiM pa3Mep o6"beMHOM 
MaLUMHbl, BbinOJIHeHHOM c KpyroBbiM 

nocTynaTeribHbiM ABMxeHMeM oxBaTbiBaeMoro 
arieMeHTa, npocjDMnb KOToporo BbinonHeH no 
BHyTpeHHeM orn6aiOLi_Lei7i. 

Ha cjDMr. 4 - ceneHne A-A no cjDMr. 3 

Ha cjDMr. 5 - npoAonbHbiM pa3Mep o6"beMHOM 

MaLUMHbl, BbinOJIHeHHOM c KpyroBbiM 

nocTynaTeribHbiM ABMxeHMeM oxBaTbiBaeMoro 
srieMeHTa, npocjDMnb KOToporo BbinonHeH no 
AByxAyroBOM TpoxoMAe. 

Ha cjDMr. 6 - ceneHne B-B no cjDi/ir. 5 
Ha cjDMr. 7 - npoAonbHbiM pa3Mep ocrbeMHOM 
MaLUMHbl, BbinonHeHHOM c KpyroBbiM 
nocTynaTenbHbiM ABM>KeHMeM oxBaTbiBaiouiero 
aneMeHTa, npocjDMnb KOToporo BbinonHeH no 



AByxAyroBOM TpoxoMAe. 

Ha cjDMr. 8 - ceneHMe B-B no cjDMr. 7 

Ha cjDMr. 9 - npoAonbHbiM pa3Mep o&beMHofi 

MaLUMHbl C CMHXpOHM3aTOpOM, BbinonHeHHblM B 

BMAe 3y6naTbix Konec c nnaHeTapHbiM 
5 ABM>KeHMeM oxBaTbiBaeMoro aneMeHTa, 
npocjDMnb KOToporo BbinonHeH no BHyTpeHHeM 
orM6aK)Li\eM. 

Ha cjDMr. 10 - ceneHMe T-r no 

l~lpeAno>KeHHbiM cnoco6 npeo6pa30BaHMsq 

10 ABM>KeHM5q B 06"beMH0M ManiMHe, BbinonHeHHOM c 
COnpSR>KeHHblMM SneMeHTaMM KpMBOnMHeMHOM 

qbopMbi, ocyLL\ecTBn5qeTC5q cneAyHDLUMM o6pa30M. 
Co3AaeTC5R B3aMMOCB^3aHHoe BpameHMe c 
AByMsq CTeneHfiMM CBo6oAbi Bpau^aTenbHoro 
ABM>KeHMfi KMHeMaTMHecKM conp^xeHHbix 
15 oxBaTbiBajoLnero m oxBaTbiBaeMoro aneMeHTOB m 

3BeHbeB CMHXpOHM3ai_\MM, C03AaeTC?1 MUM 

nnaHeTapHoe Bpau^eHMe OAHoro M3 
conpfi>KeHHbix aneMeHTOB, mum co3AaeTC5i 
6MpoTaTMBHoe BpameHMe o6omx 

BbiLueynoM^HyTbix aneMeHTOB, orpaHMHeHHbix 

20 B3aMMOOrM6aK)U4MMM nOBepXHOCTJIMM, 

BbinonHeHHbiMM Ha oahom mx conpaweHHbix 
aneMeHTOB b BMAe LiMKnoMAbi MnM TpoxoMAbi, 
3KBMAMCTaHTbi BbiLiieynoM^HyTbix noBepxHOCTeM, 

KpMBOnMHeMHOM nOBepXHOCTM, 6nM3KOM K 

BbiLueynoMflHyTbiM, nM6o b cpopMe cjDparMeHTOB 
25 BbiuueynoMflHyTbix noBepxHOCTeM, a Ha ApyroM b 
BMAe Hapy>KHOM MnM BHyTpeHHeM orM6aK)LueM 
ceMePicTBa BbiLueynoM^HyTbix KpMBonMHeMHbix 
noBepxHOCTeM m o6pa3yK)LAMe pa6oHMe 
/BbiTecHMTenbHbie/ KaMepbi. 
3Q Ha npeACTaBneHHOM MnniocTpaLiMOHHOM 

MaTepMane b KanecTBe oxBaTbiBaioLAero m 
oxBaTbiBaeMoro aneMeHTB npeACTaBneHbi 
cooTBeTCTBeHHO poTop M CTaTOp oSlDeMHOM 
MaLUMHbl. 

B KanecTBe npMMepa peanM3au,MM cnoco6a 

35 npeACTaBneHa o6"beMHa?i ManiMHa, b kotopom 
oxBaTbiBaeMbiM aneMeHT BbinonHeH b BMAe 
poTopa 1 /cjDMr. 1/ TpexyrnoBOM cjDopMbi, 
npocjDMnb KOToporo BbinonHeH no BHyTpeHHeM 
orM6aHDLneM, Z = 3, npocjDMnb pa6oneM nonocTM 
oxBaTbiBaHDLAero aneMeHTa - CTaTopa 5 

40 BbinonHeH no AByxAyroBOM anMTpoxoMAe. PoTop 
1 nepeMeinaKrr nnaHeTapHO, T.e. c yrnoBOM 
cKopocTbio co no OKpy>KHocTM Ha yron e BOKpyr 
LieHTpa O no OKpy>KHOCTM , npoxoA^LL^eM nepe3 
ToHKy O-i, a caM poTop Bpau^aioT c yrnoBOM 

45 CKopocTbio co/3 BOKpyr CBoero LieHTpa O1 b 
HanpaBneHMM, coBnaAaioLu.eM c nepeMeu^eHMeM 
ero LieHTpa no OKpy>KHOCTM, TaK hto ero tpm 
BepLUMHbi A-|, A 2) A 3 CKonb3sqT no anMTpoxoMAe 
CTaTopa, He oTpbiBa^cb ot Hee. B nnaHeTapHOM 
pe>KMMe ABMxeHMa anMTpoxoMAa CTaTopa 5 

SQ HenoABM>KHa. 

Bboamtc?i AononHMTenbHafl He3aBMCMMafi 
CTeneHb CBo6oAbi BpamaTenbHoro ABM>KeHMfl 
conp5q>KeHHbix aneMeHTOB, HanpMMep, 
ocy u_\ecT Bn 51 kdt tpm BpaLAaTenbHbix ABM>KeHM5q, 

ABa M3 KOTOpblX Bbl6MpaK)T He3aBMCMMO, a 

55 MMeHHO npM nnaHeTapHOM abm>kohmm OAHoro M3 
conpiR>KeHHbix aneMeHTOB ocyLL^ecTBn^KDT 
AononHMTenbHo BpameHMe BToporo 

conps^raeMoro aneMeHTa BOKpyr ero ocm, a npM 
6MpOTaTMBHOM BpaLL^eHMM o6omx conp^>KeHHbix 

60 aneMeHTOB ocymecTBnflHDT AononHMTenbHo 
nnaHeTapHoe ABM>KeHMe OAHoro M3 
conpyi>KeHHbix aneMeHTOB BOKpyr ocm Apyroro 
aneMeHTa, npn stom ycTaHaBnuBaioT HananbHyto 
cjDa3y m HanpaBneHMe Ka>KAoro M3 BpameHMM, a 
BenMHMHbi yrnoBbix CKopocTeM BpameHMM 
BbiLueynoM^HyTbix conp5q>KeHHbix aneMeHTOB 

Bbl6MpafOT B COOTBeTCTBMM C 3aBMCMMOCTJlMM 



K W +K W +W = O 
11 2 2 3 

CO /(■) = K 
1 O 

W /W = [CZ-1)K + 1]/Z 
2 O 

rAe © 1 - yrnoBafl CKopocTb Bpauj,eHMfl BOKpyr 
CBoeM ocm sneMeHTa, noBepxHOCTb KOToporo 
BbinoriHeHa b qbopMe BbiiueynoMflHyTbix 
KpMBOJiHHeMHbix noBepxHocTePi, co 2 - yrnoBaa 
CKopocTb BpameHM^ BOKpyr CBoePi ocm 
ajieivieHTa, noBepxHOCTb KOToporo BbinoriHeHa b 
a>opivie BHyTpeHHeM mjim Hapy>KHOM orM6afou4eM 
ceiviekicTBa BbiweynoivmHyTbix KpMBonMHePiHbix 
noBepxHOCTOM , co 3 - yrnoBaa CKopocTb 
BpaLneHnsq 3BeHa CMHxpoHH3npyK)Li4eM 

CBA3M, w 0 - ymOBafl CKOpOCTb ABM>KeHMfl OCM 

aneivieHTa, coBepujafou^ero nnaHeTapHoe 
ABM^eHne, Ki, K 2 - nocTO^HHbie KoacpcjDMLi.MeHTbi 
CB5R3H, Z - Mucno BepniMH orn6aK)Li^eM 
BbiLueynoMflHy-roro ceivieMCTBa KpnBonnHeMHbix 
noBepxHOCTePi, nfoooe i^enoe HMcno, 6onbLuee 
1, K - nKD6oe AewcTBMTenbHoe hmcjio. 

flooaBnflfl k nnaHeTapHOMy ABM>KeHHK) 
pOTOpa 6npOTaTMBHblM BMA ABMweHMfl, T.e. 
3acTaBJi5qeM poTop h CTaTop AononHMTenbHO 
BpaLAaTbCfl BOKpyr cbomx i^eHTpoB O 1 m b 

oahom HanpaBiieHMH, npoTMBonono>KHOM 
HanpaBneHMK) nnaHeTapHoro ABMweHMfl poTopa 
c ymOBblMM CKOpOCTflMM - 2/3/ co /poTop/ M 

- co /CTaTop/. 

PoTop b 3TOM cnynae npno6peTaeT 
cyMMapHyio CKopocTb co6cTBeHHoro BpameHMfl 
BOKpyr CBoero u,eHTpa, paBHyio co/3-2/3eo = 

- 0^/3, i/i yron noBopoTa y = -e/n 

BOKpyr LjeHTp poTopa coxpaHMT cbokd 

CKOpOCTb ABH>KeHM5R no OKpy>KHOCTH + co M 

yron e, a CTaTop npno6peTaeT CKopocTb -co . 

3TO rOBOpMT O TOM, HTO 

BepujMHbi A ^' A 2' A 3 TpeyronbHoro poTopa 

6yAyT b 3tom cnynae onucbiBaTb runoTpoxonAy 
h CKorib3MTb OAHOBpeivieHHO no BpaLAaioLAeMCfl 
BOKpyr CBoero i^eHTpa c yrnoBOM CKopocTbio 

- co anMTpoxoMAe CTaTopa, He OTpbiBaacb ot 
Hee. Umkji i/i3MeHeHi/m OAHoro 3aMKHyToro 
o6-beivia Me>KAy poTopoM m CTaTopoM 
yMeHbLuaeTC^ ao - 45° yrna noBopoTa poTopa 
BOKpyr CBoero i^eHTpa mjim, hto cooTBeTCTByeT 
+ 135° yrna noBopoTa i^eHTpa poTopa - m - 
1 35 0 yrna noBopoTa Kopnyca BOKpyr i^eHTpa 
annTpoxoMAbi, T.e. l^ukji coKpaTMnca no 

CpaBHeHHK) C M3BeCTHblM OTIMWaMLUMM 

nnaHeTapHbiM aHanoroM c HenoABM>KHOM 

SnUTpOXOMAOM M TpeXBepLUHHHblM poTopoM B 
ABa pa3a /cooTBeTCTBeHHO B03pocno b ABa pa3a 
KonnnecTBO 14MKJ10B 3a o6opoT/, a no cpaBHeHMK) 

C SupOTaTMBHOM BpaLU,aTenbHOM CXeMOM - B 

neTbipe pa3a, hto CBHAeTeribCTByeT o 

B03MO>KHOCTM MHTeHCMC}DMKai4MM 

TepMOAMHaMHHeCKMX I4MKJIOB npM TaKOM 

npeo6pa30BaHMM ABMweHMfl. 

Kpoivie Toro, i^eHTp poTopa m CTaTop 

BpaLL\aMDTC5q B npOTMBOnOJ10>KHblX 

HanpaBneHM^x, t. e. kohtppotopho, hto 

n03BOJlfleT 3HaHHTenbHO yMeHbLUMTb 
CyMMapHbIM KMHeTMHeCKMM M peaKTMBHbIM 
MOMeHTbl MaLUMHbl. 

L4mkji M3MeHeHM5R paoonero o6-beMa b 
annTpoxonAHOM cxeivie c nnaHeTapHbiM 
ABH>KeHneM poTopa /c BHyTpeHHePi orn6afoi_iieM/ 



c AonojiHMTeribHbiM BpameHMeM CTaTopa 
/annTpoxoMAbi/ Ha qbur. 1 , paBHbiM 45°, MO>KeT 
6biTb nojiyneH npn Z = 3 w AByxAyroBOM 
anMTpoxoMAe npM pa3nnHHbix yrnoBbix 
HananbHbix qba3ax i^eHTpa poTopa m 
cooTHOLueHMfix yrnoBbix CKopocTew aneMeHTOB m 

HX L^eHTpOB, B HaCTHOCTM, COOTHOLUeHMM 

yrnoBbix CKopocTew BpameHi/m aneivieHTOB 
BOKpyr CBOMX L^eHTpOB k yrnoBOM CKOpOCTM 
meHTpa aneivieHTa, coBepLuafouiero 

10 nnaHeTapHoe ABM>KeHne, T.e. co-|/co 0 n go^coq 

B nacTHOCTM, npn BHyTpeHHeM orn6aioLAeM 
poTopa 1 m annTpoxoHA© CTaTopa 5 mjim npn 
mcxoahom rnnoTpoxonAe poTopa 1 n BHeiuHeM 
orn6aK)LnePi ceMePicTBa tpoxoma CTaTopa 5 
nnaHeTapHoe ABM>KeHne poTopa 1 MoweT 6biTb 

15 onucaHo cooTHOweHweM e MP . + i/z e p , rAe 
e M.p. n - eAHHMHHbie opTbi BeKTopoB ymoBoR 
CKopocTM i^eHTpa poTopa 1 m poTopa. ,T4o6aBMM k 
3TOMy ABM>KeHMio 6npoTaTHBHoe BpaLAeHne, 
onMCbiBaeivioe Bbipa>KeHMeM 

20 K e TK +K(Z-1)/Z e p , nonyHUM K 

e T . K+ e M . p+ [1 + K(Z-1)]/Ze p . 

H3 npMBeAeHHoro cneAyeT, hto npM 
BbinojiHeHMM noBepxHOCTM aneivieHTa, 
coBepujaioLAero nnaHeTapHoe ABM>KeHne, b 
cpopMe BHyTpeHHeM mjim Hapy>KHOM orMoaioLAeM 

25 ceivieMCTBa KpMBoriMHeMHbix noBepxHOCTeM, a 
noBepxHOCTM aneMeHTa, coBepniaHDmero 
Bpau^eHMe BOKpyr CBoero HenoABM>KHoro 

L^eHTpa, B CjDOpMe KpMBOJlMHeMHblX 

nOBepXHOCTeM, OTHOLUeHM^ yrilOBOM CKOpOCTM 

3Q aneMeHTa, coBepiuaHDLAero BpauneHMe BOKpyr 
CBoero HenoABM>KHoro i^eHTpa m yrnoBOM 
ckopoctm BpameHM?! /BOKpyr CBoero i^eHTpa/ 
sneMeHTa, coBepiuaiouiero nnaHeTapHoe 

ABM>KeHMe, K ymOBOM CKOpOCTM ABM>KeHMfl 

UeHTpa aneMeHTa, coBepujaioLAero 

35 nnaHeTapHoe ABM>KeHMe, paBHbi 

COOTBeTCTBeHHO K m [(Z-1 )K+ 1 ]/Z. 

TaK, HanpMMep, Z = 3, nnaHeTapHOM 
ABM>KeHMM oxBaTbiBaeMoro aneivieHTa poTopa c 
BHyTpeHHeM orMoafOLAeM m AononHMTenbHbiM 
Bpam,eHMeM anMTpoxoMAbi Kopnyca m poTopa 
40 BOKpyr cbomx L^em-poB, MMeeM: 

9 = 45°, K = -5, K-| = -5; K 2 = -3; u,Mi<n Y = 
45 ° noBopoTa i4eHTpa poTopa. 

e = 135° k = - 1; Ki = -; K 2 = -1/3; u,Mi<n Y = 
45° noBopoTa BOKpyr CBoero i4em-pa. 
45 l~lpeAno>KeHHbiM cnoco6 npeo6pa30BaHM5q 

ABM>KeHMfl B MexaHM3Me C COnpfl>KeHHblMM 
aneMeHTaMM KpMBOnMHeMHOM cpopMbi 

ocyLAecTBn^eTCfi Anc|Dc(DepeHi4ManbHO 
CBH3aHHbiM BpauieHMeM 3tmx aneivieHTOB M 

3BeHa CMHXpOHM3MpyiOLAeM CBA3M, npMHeM 
50 ckopoctm mx BpameHMfi yCTaHaBnMBaiOT B 

COOTBeTCTBMM C 3aBMCMMOCTbK3 

K-|coi + K 2 co 2 +co3 = 0, 

rAe ©1,(02/ - yrnoBbie ckopoctm BpaLH,eHMfl 
BbiLueynoMfiHyTbix aneivieHTOB, co 3 - yrnoBaa 

55 CKOpOCTb BpaLAeHMJI 3BeHa CMHXpOHM3aU,MM, Ki, 
K 2 - nOCTO^HHbie KOSCjDCjDML^MeHTbl CBJ13M, npM 
3TOM BenMHMHbl nK)6blX AByX CKOpOCTeM 
Bbl6MpaiOT npOM3BOnbHO. npM STaKOM 

3aBMCMMOCTM, yKa3biBaHDUieM Ha HanMHMe y 
MexaHM3Ma AByx CTeneHeM CBo6oAbi, oh 
60 pa6oTaeT b KanecTBe AMcjDopepeHL^ManbHoro 
MexaHM3Ma. 

Bo3MO>KHbi cneAyfOL^Me BapMaHTbi 
npeo6pasoBaHMe ABM>KeHMfi MexaHM3Ma: 1/ 6es 
nepeAaHM ABMxeHM^ Me>KAy oxBaTbiBafom.MM m 
oxBaTbiBaeMbiM aneivieHTaMM, b stom cnynae mx 

ABM>KeHM5q OnpeAen5RK)TC5q 3BeHb5qMM 
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CMHXpOHM3aU,MM 6e3 B3aMMOfleMCTBM5q C3MMX 

conp^xeHHbix sneivieHTOB; 21 c nepeAanePi 

BpaweHMfl B3aHMOfleMCTByfOLJmMMM 

conp^xeHHbiMM sneMeHTaMM, b 3tom cnyMae 
KpHBOJiMHeMHbie noBepxHOCTM oxBaTbiBafou4ero 
m oxBaTbiBaeMoro sneMeHTOB npuBOfl^T b 
MexaHMMecKoe conpHKOCHOBeHne, o6pa3ya 
KHHeiviaTMHecKyK) napy, m ocymecTBnflfOT 
nocpeACTBOM nocneAHeM nepeflany ABM>KeHMfl 

Me>Kfly OXBaTblBaHDLI^MM M OXBaTblBaeMbIM 

aneivieHTaMM. 

B o6m,eM cnyMae bo3mo>kho ocym,ecTBneHMe 
KMHeiviaTMHecKoro conpflweHMfl nio6oro HMcna 

flOnOJIHMTeJIbHblX OXBaTblBaKDLUMX H 

oxBaTbiBaeMbix aneivieHTOB, ycTaHOBiieHHbix b 
AonoriHMTejibHbix y ct po m ct b ax CMHxpoHM3ai4HM c 
B03ivio>KHOCTbKD BpaiAaTenbHoro m nnaHeTapHoro 

flBM^eHMM, npM 3TOM OCHOBHbie M 

AonojiHMTenbHbie aneivieHTbi MoryT 6biTb 
pacnojio>KeHbi p^flOM v\ b nonocTflx Apyr Apyra. 
Ha cjDnr. 2 npeflCTaBneH npniviep peanM3au,MM 

COnpfl>KeHMfl LUeCTM KpMBOJIHHePiHblX 

noBepxHOCTePi neTbipex noflBM>KHbix aneivieHTOB. 

B 3TOM BapnaHT6 BbinonHeHMfl o6~b0MHOM 

MaujMHbi Ha HapyxHOM noBepxHOCTM 
oxBaTbiBaK)U4ero 3-neMeHTa - CTaTopa 5 
BbinormeHa AononHMTenbHaa KpMBonMHePiHafl 
noBepxHOCTb 30. npuMeivi, ecriM BHyTpeHHfifi 
noBepxHOCTb CTaTopa 5 BbinormeHa b BMAe 
KpHBOJIHHeMHblX noBepxHOCTeM, TO 

AononHMTenbHa^ Hapy>KHaa noBepxHOCTb 30 
oxBaTbiBafomero aneivieHTa - poTopa 1 
BbinoriHeHa TaioKe b bma© SKBMAMCTaHTbi 
KpMBoriMHeMHbix noBepxHOCTePi, a ecriM 
BHyTpeHHflfl noBepxHOCTb CTaTopa 5 BbinoriHeHa 
b BMAe Hapy>KHOM orn6aK)LnePi ceivieMCTBa 
KpHBoriHHePiHbix noBepxHOCTePi , to Hapy>KHyio 
noBepxHOCTb poTopa 1 BbinonHflHDT b BHAe 
BHyTpeHHeM orn6aKDLnePi ceMePicTBa 

KpMBoriMHeMHbix noBepxHOCTeM . flonoriHMTenbHO 
BBeAeH btopom oxBaTbiBaHDLUMM aneMeHT - 
poTop c noBepxHOCTAMM 27 m 31, KoaKcvianbHO 
pacnono>KeHHbiM c nepBbiM OXBaTblBaeMbIM 
aneivieHTOM - poTopoM 1 . ripn stom BHyTpeHHflfl 
KpMBOJIMHeMHaSR noBepxHOCTb 31 

AononHMTenbHO oxBaTbiBaioLAero sneivieHTa 
BbinoriHeHa conpflweHHOM AononHMTenbHOM 
npy>KMHOM noBepxHOCTM 30 nepBoro 
oxBaTbiBawLnero sneivieHTa - CTaTopa 5. 

B npHBeAeHHOM Bapi/iaHTe HeKOTopbie 
aneivieHTbi >KecTKO coeAMHeHbi Apyr c ApyroM. 
TaK, oamh H3 sneMeHTOB - CTaTop 5 >KecTKO 
coeAMHeH c AonoriHMTenbHbiM aneivieHTOM c 

KpHBOJIMHeMHOM nOBepXHOCTbK) 30, 

SKBHAMCTaHTHoPi noBepxHOCTM aneMeHTa- 
CTaTopa 5, mjim c noBepxHOCTbio, onepneHHOM 
orM6aK)Li^eM ceiviePicTBa KpMBoriMHeMHbix 
noBepxHOCTePi; ApyroM aneivieHT c 
noBepxHOCTbio 31 >KecTKO coeAMHeH c APyrMM 
AonoriHMTenbHbiM aneMeHTOM, BbinoriHeHHbiM c 
noBepxHOCTbK) 27, npn stom Bee aneivieHTbi c 
noBepxHOCTAMM 30, 31, 27, 29 KoaKCHanbHO 
ycTaHOBneHbi b nonocTflx Apyr Apyra. 

Cnoco6 npeo6pa30BaHM?i ABM>KeHMfl b 
o6~beMHOM MaujMHe no cjDnr. 2 ocymecTBn^eTC^ 
TaK >Ke, KaK no cpi/ir. 1 , ho c yneTOM 
OAHOBpeivieHHoro KMHeiviaTMHecKoro 
B3anMOAePicTBM5R Tpex nap conpflweHHbix 
noBepxHOCTeCi. 

06-beMHa?i ManiMHa, b KOTopoPi peanHSOBaH 
npeAnoxeHHbiM cnoco6, npeACTaBnaeT co6om 
HenoABMXHbiM Kopnyc, coAep>KaLHMM 

oxBaTbiBafOLi^MM h OXBaTblBaeMbIM conpa>KeHHbie 
aneivieHTbi, BbinonHeHHbie cooTBeTCTBeHHO b 
BMAe aneMeHTOB c conp^xeHHbiMM 



nOBepXHOCTflMM B CpOpMe I^MKnOMAbl MJ1M 
TpOXOMAbl, MJ1M SKBMAMCTaHTbl BbiujeynoMjqHyTbix 

noBepxHOCTePi, mjim KpMBonMHePiHOM 

noBepxHOCTM, 6nM3KoPi k BbinieynoMflHyTbiM, mjim 

B CjDOpMe C|DparMeHTOB Ha3BaHHblX 

5 noBepxHOCTeM, npM stom oamh M3 conp5q>KeHHbix 
sneMeHTOB orpaHMHeH BbiujeynoMflHyTOM 
KpMBonMHeMHOM noBepxHOCTbio, a APyroPi 
orpaHMHeH Hapy>KHoPi mjim BHyTpeHHeM 
orM6aioLAeM ceMeMCTBa BbnueynoM^HyTbix 

1Q KpMBOJlMHeMHblX noBepxHOCTeM, COAep>KaU4MM 

TaioKe Kopnyc m ycTpoPicTBO CMHxpoHMsai^MM - 

CMHXpOHM3aTOp, MexaHMHeCKM CB^3blBaK)LHMPi 

Me>KAY co6oPi conp?i>KeHHbie aneivieHTbi m 
HenoABM>KHbiM Kopnyc. B stom MexaHM3Me c 
AByMfl CTeneH^MM CBo6oAbi conp5q>KeHHbie 
/5 aneivieHTbi ycTaHOBneHbi c B03MO>KHOCTbKD 

OAHOBpeMeHHOrO B3aMMOCBf13aHHOrO 

nnaHeTapHoro ABM>KeHMfi OAHoro M3 
BbiLueynoM^HyTbix aneivieHTOB BOKpyr ocm 
Apyroro sneMeHTa m BpaLU,eHM5q LuapHMpHO 
ycTaHOBneHHoro b Kopnyce Apyroro 
20 BbiLueynoMflHyToro aneivieHTa BOKpyr CBoePi ocm. 
06-beMHafl MaujMHa cHa6>KeHa 

AOnOJIHMTenbHblM yCTpOPlCTBOM CMHXpOHM3aLJ,MM, 

AononHMTeribHO CB5q3biBaK)U4MM Me>KAy co6om: 
conp^eHHbie aneMeHTbi, ocHOBHoe ycTpoPicTBO 
CMHxpoHM3ai4MM m Kopnyc. 
25 Ha cjDMr. 3,4 cxeMaTMHHO M3o6pa>KeHa 

AByxcTeneHHasq TpoxonAHajq o&beMHaa MaujMHa, 
BKnK)HaK)LLJ 1 a5q oxBaTbiBaHDLAMM aneivieHT b BMAe 
CTaTopa 5 c tpoxomahoPi BHyTpeHHeM 

nOBepXHOCTbK) M nnOCKMMM TOpLJ,eBblMM 

3Q CTeHKaMM /Ha nepTe>Ke He noKasaHbi/, 
HenoABM>KHbiM Kopnyc 6, CMHxpoHM3MpyK)U4afi 

CB5R3b - KpMBOLUMn 7 C KOpeHHbIMM LUeMKaMM, 
LUapHMpHO pa3MeLHeHHblMM B HenOABM>KHOM 

Kopnyce 6, OXBaTblBaeMbIM aneivieHT b BMAe 

pOTOpa 1 C KpMBOJIMHeMHOM Hapy>KHOM 

35 noBepxHOCTbio, pa3Mem,eHHbiM LuapHMpHO Ha 
KoneHHOM LueMKe KpMBOLUMna 7, 

CMHXpOHM3MpyHDLU,MM SJieMeHT, BbinOJIHeHHblM B 

BMAe napannenbHbix KpMBOLUMnoB 22, KopeHHbie 

LUeMKM KOTOpblX LUapHMpHO pa3MeLU,eHbl B 

HenoABM>KHOM Kopnyce 6, a KoneHHbie nieMKM 
40 LuapHMpHO pa3MeLU,eHbi b poTope 1 , npMHeM 
paAMycbi KpMBOLUMna 7 m KpMBOLUMnoB 22 
Bbi6paHbi paBHbiMM, a CTaTop 5 ycTaHOBneH 
LuapHMpHO b HenoABM>KHOM Kopnyce 6 c 

B03MO>KHOCTbKD BpaLU,eHM5q BOKpyr CBOePi OCM M 

MexaHMHecKM cBA3aH c AonoriHMTenbHbiM 

45 MexaHM3MOM CMHXpOHMSaUjMM . KpMBOLUMn 7 
COeAMHeH CO CTaTOpOM 5 M C KOpeHHbIMM 

LuePiKaMM napannenbHbix KpMBOLUMnoB 22 nepe3 
MexaHM3M nepeAaHM Bpam,eHMfl, HanpMMep, 
peAyKTop MnM MynbTMnnMKaTop, MMeK)LU,MM 

50 3y6naTbie Koneca 23, 24, 25, 26. PoTop 1 
BbinonHeH no cjDopMe b BMAe TpexyrnoBOM 
BHyTpeHHeM orM^afOLAePi, a CTaTop 5 - b BMAe 
AByxAyroBoPi TpoxoMflbi. 

Pa6oTa b MexaHM3Me npoMcxoAMT no cxeMe 
c|DMr.1, ho c KpyroBbiM nocTynaTenbHbiM 

55 ABM>KeHMeM poTopa 1 . npM Bpam,eHMM 
KpMBOLUMna 7 KMHeMaTMHecKafl CB?i3b 3y6naTbix 
Konec 23, 24, 25, 26 o6ecneHMBaeT BpaLU,eHMe 
CTaTopa 5 c yrnoBOM CKopocTbio, b Asa pa3a 
MeHbLueM m b npoTMBonono>KHOM HanpaBneHMM 

no OTHOLlieHMK) K KpMBOLUMny 7. PoTop 1 

60 onaroAapa napannenbHbiM KpMBOLUMnaM 22 
coBepiuaeT KpyroBoe nocTynaTenbHoe 
ABM>KeHMe. l~lpM Z = 3, TpexyrnoBOM poTope 1 c 
BHyTpeHHeM orM^afOLAeM m AByxAyroBOM 
TpoxoMAe CTaTopa 5 yrnoBOM LJ,MKn M3MeHeHM5q 
3aMKHyTbix o6*beMOB paBeH y = 90° no ymy 
noBopoTa CTaTopa 5, T.e. nonHbiPi LJ,MKn, 
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BKHIOMaHDLUMM HeTbipe TSKTa, paCOTbl 06"beMH0M 

MaujMHbi nponcxoA^T 3a oahh o6opcr CTaTopa 5. 

Ha cjDwr. 5 npeACTaBneH Bapi/iam 
BbinonHeHi/m AByxcTeneHHOM oo"-beMHofi 
MaujMHbi, KOTopaa pa6oTaeT aHanon/NHO 
ManiMHe no dpwr. 3, ho b HeM poTop 1 BbinonHeH 
c HapyxHOM noBepxHocTbK) b BHAe AByxAyroBOM 
TpoxoHAbi, a CTaTop 5 BbinonHeH c BHyTpeHHefi 
noBepxHOCTbKD b BMAe TpexAyroBOki Hapy>KHOM 
orn6aK)LJ^6M /Z=3/. B HeM TaioKe poTop 1 
pa3Meu4eH b KpuBoninne 22, o6"ecneHMBaK)LAeM 
ero KpyroBoe nocTynaTenbHoe ABM>KeHne BOKpyr 
ocm O, a CTaTop 5 ycTaHOBJieH LuapHMpHO b 
Kopnyce c B03MO>KHOCTbK) BpameHi/m. OAHaKO b 
3tom Bapi/iaHTe poTop 1 M CTaTop 5 o6pa3yHDT 
KMHeMaTMHecKyK) napy, ooecneHHBaHDinyK) 
caMOCMHxpoHM3ai4MK), TaK KaK y Hero hmcjio 
cpopivioo6pa3yK)LAHx Ayr /rp\A/ Ha 
oxBaTbiBafOLneM aneMeHTe - CTaTope 5 6onbi_ue, 
HeM Ha oxBaTbiBaeMOM aneMeHTe - poTope 1 , 
MMehomeM Ase Ayrn. B stom cnynae He 
Tpe6yeTCjq BBeAeHne CMHxpoHM3aTopa. 

06-beMHaa MauunHa pa6oTaeT cnep,y\on\\AM 
o6pa30M. 

ripn Bpau4eHMM KpnBou_mna 7 /cjDnr.5/ poTop 1 
coBepiuaeT KpyroBoe nocTynaTenbHoe 

ABH>KeHMe B CHHXpOHMSHpyKDU^eM sneMeHTe - 

cucTeMe napajinejibHbix KpuBoninnoB 22. I~lpn 
ABM>KeHMM poTopa 1 npowcxoAHT 
caM03ai^enjieHMe poTopa 1 c BHyTpeHHefi 
noBepxHOCTbfo CTaTopa 5, BcneACTBue nero 
CTaTop 5 yBneKaeTcsq poTopoM 1 v\ BpamaeTCfl b 
Ty >Ke CTopoHy, hto m KpHBOLUnn 7. 
CooTHOLueHne yrnoBbix CKopocTefi BpameHi/m 
Bana KpuBoninna 7 h CTaTopa 5 paBHO 3/1/. 

B M3MeH5qfou4MXC5q b npoi^ecce BpameHMfl 
Bana KpnBoujnna 7 3aMKHyTbix o6-beMax Me>KAy 

POTOPOM 1 , CTaTOpOM 5 M nJIOCKMMM TOpueBbIMM 

CTeHKaMH /He noKa3aHbi/ MoryT 6biTb 
ocymecTBrieHbi TepMOAHHaMHHecKMe i^HKnbi 
o6-beMHbix ManiMH. B nacTHOCTM, 
HeTbipexTaKTHbiM i^mkji ABuraTerifl BHyTpeHHero 
cropaHHfl peann3yeTC5q b MexaHH3Me qbur. 5 3a 
oamh o6opoT CTaTopa 5, hto no3BOJifleT 
ocyLAecTBJi^Tb ra3opacnpeAeneHi/ie b 
3aMKHyTbix oCrbeMax npeACTaBneH hom Ha cpur. 5 
MaLJJMHbl C nOMOLi^bK) 30J10THMKa /He noKa3aHo/ 
Ha HenoABM>KHOM Kopnyce. 

Ha cpur. 7, 8 npeACTaBneH Apyrow BapwaHT 

BbinOJIHeHM^ TpOXOMAHOM MaLUHHbl C AByMfl 

CTeneH^MM CBOooAbi, BKntonaKDinero 
AByxAyroBOM CTaTop 5 tpoxohahom cpopMbi c 

UeHTpOM 0 H nJIOCKMMM TOpueBbIMM CTeHKaMH 

/He noKa3aHbi/, TpexAyroBow poTop 1 c 

KpHBOJIMHeMHOM nOBepXHOCTbK) , yCTaHOBJieHHbIM 

b nonocTM CTaTopa 5, HenoABW>KHbiPi Kopnyc 6, 

MexaHM3M CMHXpOHM3ai4MM ABM>KeHMM pOTOpa 1 M 

CTaTopa 5. CnHxpoHi/i3aTop BbinonHeH b BHAe 
napannenbHbix KpuBomnnoB 22, KopeHHbie 
LUeMKM KOTOpblX LuapHHpHO pa3MeLAeHbi B 
HenoABM>KHOM Kopnyce 6, a KoneHHbie LueMKM 
LuapHMpHO pa3Meu4eHbi b CTaTope 5, npn stom 

CTaTOp MMeeT B03MO>KHOCTb coBepiuaTb 

KpyroBoe nocTynaTenbHoe ABMxeHne, i_\eHTp 
KOToporo coBMemeH c ocbKD O - O Bana poTopa 
1 , ycTaHOBneHHoro LuapHMpHO b HenoABM>KHOM 
Kopnyce 6 c B03MO>KHOCTbfo BpameHi/m BOKpyr 

CBOeM OCM O - O M KMHeMaTMHeCKM CBfl3aHHOrO c 
CMHXpOHM3MpyK)LHMM aneMeHTOM B BMAe 

KpHBOLUMnoB 22 Hepe3 MexaHM3M nepeAaHM 
BpaLAeHMJi, HanpuMep, peAyKTop unM 
MynbTkinnMKaTop, MMetou^HM 3y6naTbie Koneca 
23, 24. 

Pa6oTa o6-beMHOM MaujMHbi cfDnr. 7 npoxoflUT 
no cxeMe cjDkir.1, ho npn KpyroBOM 
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nocTynaTenbHOM ABM>KeHHn CTaTopa 5. B stom 
MaujMHe npw BpameHMM poTopa 1 3y6naTbie 
Koneca 23,24 ooecneHfiBafOT BpameHMe 
KopeHHbix nieeK OAHHapHbix KpHBomnnoB 22, 
>KecTKO coeAHHeHHbix c 3y6naTbiMM KonecaMM 24 
c SKci^eHTpucMTeTOM "e", c yrnoBOM CKopocTbfo, 
HanpuMep, npn Z=3, b Tpi/i pa3a 6onbiueM 
ckopocth Bana poTopa 1 . riocKonbKy 
TpoxonAHbiM Kopnyc 5 LuapHMpHO pa3Meu4eH, KaK 
b noABece, b KoneHHbix nieMKax KpHBOLiinnoB 22, 
to npH BpameHMM KpkiBOU_innoB 22 CTaTop 5 
coBepniaeT KpyroBoe nocTynaTenbHoe 
ABM>KeHne, hto cooTBeTCTByeT cxeMe qbur.l b 
cnynae BpaLAaTenbHoro ABHweH^m poTopa 1 m 
KpyroBoro nocTynaTenbHoro ABH>KeHM5q CTaTopa 
5. 

B BapnaHTax BbinonHeHM^ ManiHHbi, 
noKa3aHHbix Ha qbur. 3,5,7, Bbi6op BennHMHbi 
SKCi^eHTpucMTeTa "e" He BnnaeT Ha BennHMHbi 
AnaMeTpoB CMHxpoHM3npyKDLi4MX 3y6naTbix Konec 
23,24,25, 26, hto no3BonfleT npuMeHfiTb TaKne 
cxeMbi npn pa6oTe MaujMHbi b pe>KMMe 
ABMraTen^ BHyTpeHHero cropaHM^ c 
BocnnaMeHeHneM c>KaTM?i, rAe BenMHMHa e 
oSbiHHO Mana. 

Ha qbur 9,10 npeAcraBneHa TpoxoHAHa^ 
ManiMHa c AByM?i cTeneH^MM cBo6oAbi, 
BKnKDHafOLAa^ CTaTop 5 tpoxohahom cpopMbi m 
nnocKHMM TopueBbiMH CTeHKaMM /He noKa3aHbi/, 
TpexyrnoBOM poTop 1 c KpHBoni/iHeMHoCi 
Hapy>KHOM noBepxHOCTbfo, HenoABM>KHbiM Kopnyc 

6, CMHXpOHM3HpyfOU4yK) CB5q3b, BbinonHeHHyKD B 

BMAe KpuBOLUHna 7, KopeHHbie LueMKM KOToporo 
LuapHMpHO pa3MeLneHbi b HenoABM>KHOM Kopnyce 
6 c B03MO>KHOCTbK) Bpau4eHM5q, m napbi 3y6naTbix 
Konec 3 m 4, HaxoAflLAHXCfl B nocTO^HHOM 
3au,enneHMM, oaho M3 KOTopbix coeAMHeHO c 
poTopoM 1 , a APyroe - co CTaTopoM 5, 

AOnonHHTenbHblM MexaHM3M CMHXpOHM3ai^MM - 

CMHxpoHM3aTop, BbinoTiHeHHbiM b BMAe 3y6naTbix 
Konec 2 n 8, nocneAHee M3 KOTopbix 
-BHyTpeHHero 3ai_^enneHM5i, coeAHHeHO c 
HenoABM>KHbiM KopnycoM 6, a APyroe - BHeixiHero 
3ai_\enneHM5i, ycTaHOBneHO Ha poTope 1. 
l~loABM>KHbie TpoxoMAHbiM CTaTop 5, TpexyrnoBOM 
poTop 1 Ha SKCi^eHTpMKe, ABa 3y6naTbix Koneca 
2 m 3 Ha poTope 1 , 3y6naToe Koneco 4 Ha 
tpoxomahom CTaTope 5 m HenoABM>KHoe 
3y6naToe Koneco 8 o6pa3yioT KOHTppoTopHyK) 
TpoxonAHyK) o6"beMHyjo MaiuHHy. 

Pa6oTa tpoxomahom o6"beMHOM MaujMHbi 
nponcxoAMT cneAyHDLAMM o6pa30M. ripn 
BpameHMM 3Kci4eHTpnKOBoro Bana KpuBOLUMna 7 
3y6naToe Koneco 2 poTopa 1 o6KaTbiBaeTca no 
BHyTpeHHeM noBepxHOCTM HenoABM>KHoro 
3y6naToro Koneca 8 m 3acTaBnaeT poTop 1 
coBepujaTb nnaHeTapHoe ABMxeHMe. 3y6naToe 
Koneco 3 Bpau^aeT 3y6naToe Koneco 4 
TpexoMAHoro CTaTopa 5, KOTopbiM BpamaeTcsq 
kohtppotopho no OTHOLueHMKO k Bany KpHBOLUHna 

7. M3MeHeHM5R pa6oHMX o6"beMOB KaMep Me>KAy 

POTOPOM 1 , CTaTOpOM 5 M nnOCKHMH TOpi4eBblMM 

CTeHKaMM CTaTopa 5 nponcxoA^T b ABa pa3a 
name, HeM b npoTOTMne, a BepniUHbi poTopa 
onucbiBatoT runoTpoxonAy n OAHOBpeMeHHO 
CKonb3i^T no annTpoxonAe. 

B AstHHOM cnynae ncnonb30BaH 
cnHxpoHM3aTop, BbinonHeHHbiM b BMAe napbi 
3y6naTbix Konec 2 n 8. Bo3mo>kho BbinonHeHMe 
CMHxpoHM3aTopa b bma© KynncHoro MexaHM3Ma c 
Bpau4aK)LAeMC5q KynncHOM nnn MHBepTopa 
HanpaBneHMsq BpaLneHnsq /He noKa3aHbi/. 

PoTop 1 m CTaTop 5 b ApyrHX BapnaHTax 
BbinonHeHi/ifl o6~beMHOM MaujMHbi MoryT 6biTb 
BbinonHeHbi b BHAe sneMeHTOB i^eBOHHoro 
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3au,enjieHMfl, Koneca c i^miMHflpMMecKMMM 
u,eBKaiviM m 3y6naToro Koneca c i^MKnoMflanbHoCi 
orn6aK)ineM. 

B oo^eM cnyMae ABa Bpau^afOLUMXcfi 

3JieMeHTa TpOXOMAHOM MaLUMHbl, B TOM HMCJie c 
KOHTppOTOpHbIM BpaiJ^eHMeM, MOryT 6blTb 

CB5q3aHbi nocpeflCTBOM nepeflaTOMHbix 

MexaHM3MOB C BpaU4aKDU4HMMC5q SJieMeHTaMM 
BHGLLIHMX yCTpOMCTB MJIM MexaHM3MOB, npM 3TOM 

nepeflana BpamaHDU^MXcfl momshtob mo>kgt 

OCymeCTBJI^TbCa KaK OT TpOXOMAHOM MaLUMHbl K 
BH6LUHGMy yCTpOMCTBy, TaK M B o6paTHOM 

HanpaBfiGHi/ii/i . TaKaa CBfl3b mokst 
ocymecTBnflTbCfl, Hanprnviep, c kohtppotophom 

Typ6MHOM, KOMnpeCCOpOM MJIM KOHTppOTOpHOM 
3JieKTpHHeCKOM MaLUMHOM. 

Tpoxoi/iflHafl ManiMHa MO>KeT 6biTb CHa6>KeHa 

30T10THMKOM, yCTaHOBJieHHblM C B03MO>KHOCTbK) 
CKOJlb>KeHMfl no TOpi^eBOM MJIM L^MJlMHflpMHeCKOM 

noBepxHOCTM oflHoro M3 conpfi>KeHHbix 
aneivieHTOB /He noKa3aH/. 

ripen My mecTBO M3o6peTeHMsq 3aKTiK)HaeTCfl b 
yMeHbLueHMM yrnoBOM npoTaxeHHOCTM 

TepMOAMHaMMHeCKMX LJ,MKT10B, yMeHbLueHMM 

MaxoBoro pe3ynbTnpyK)LL^ero MOMema v\ 
peaKi4MM Ha onopax MaujMHbi, ynyHLueHMM 
riHTpoBbix yAeribHbix noKasaTenePi MauuMHbi npn 
peanMsau.MM AByxcTeneHHoro KOHTppoTopHoro m 
ApyrHX BapnaHTOB cnocooa paooTbi 06-beMHofi 
MaujMHbi h AByxcTeneHHOM 06-beMHoPi MaujMHbi 

no M306peTeHMKD. 

cDopwiyna M3o6peTeHH«: 

1 . Cnoco6 npeo6pa30BaHM5q ABM>KeHMfl b 
MaujMHe o6"beMHoro pacujMpeHMS (BbiTecHeHna), 
HMefOLi^eM conpaweHHbie ajieMeHTbi, 
orpaHMHeHHbie B3anMoorn6aKDLHMMM 

nOBepXHOCTflML/l, BbinOJIHeHHblMM Ha OAHOM M3 

conpflweHHbix sneMeHTOB b BMAe 
KpHBOJiHHeMHOM noBepxHOCTM, a Ha ApyroM - B 
BMAe Hapy>KHOM mum BHyTpeHHeM orMoaHDLu.ePi 
ceMeMCTBa noBepxHOCTeM, o6pa30BaHHoro c 

nOMOLU,bKD BblLUeynOM^HyTOM KpMBOJIMHeMHOM 
nOBepXHOCTbHD, SaKJlHDHaKDLU.MPiCfl B TOM, HTO 

cosAafOT B3aMMOCB^3aHHbie BpaLAaTeribHbie 
ABM>KeHMfl oxBaTbiBahOLi^ero m oxBaTbiBaeMoro 

COnpfl>KeHHblX SJieMeHTOB C B03MO>KHOCTbK) 

o6pa30BaHM?i BbiTecHMTenbHbix pacoHMX KaMep, 

M nOCpeACTBOM 3BeHbeB CMHXpOHM3MpyKDLL\eM 
CB5R3M CMHXpOHM3MpyfOT BpaLL^eHMfl 

oxBaTbiBaHDinero m oxBaTbiBaeMoro 

COnp^XeHHblX SJieMeHTOB, OTJlMHaKDU^MMCSq TeM, 
HTO OCyLHeCTBJ15qfOT AUCjDCpepeHL^MaJlbHO 

CBA3aHHbie Bpau4eHMfi AByx BbiweynoMflHyTbix 
conp^xeHHbix aneMeHTOB BOKpyr cbomx oceM m 

3BeHa CMHXpOHM3MpyK)LHeM CB5R3M, ABa 

BpameHM^ M3 ynoMAHyTbix Bbiiue HBTiflHDTCfl 
He3aBMCMMbiMM Apyr ot Apyra, npMHeM ymoBbie 
ckopoctm Bpaii^eHMM onpeAermioT M3 

COOTHOLUeHMfl 

Kicdi+K2C0 2 + C03- 0, 

rAe C0-1.CO2 - ymoBbie ckopoctm BpameHMfl 
BOKpyr cbomx ocePi BbiweynoMflHyTbix 
conpa>KeHHbix aneMeHTOB; 

co 3 - ymoBafl CKopocTb Bpam,eHMfl 3BeHa 

CMHXpOHM3MpyK3LI4eM CBH3M; 

Kl, K2 - nOCTOJIHHbie KOacfccfcl/ILJl/ieHTbl CBS3M, 

npM 3TOM OAHOBpeMeHHO c Bpau^eHMeM 
conpaxeHHbix sneMeHTOB BOKpyr cbomx oceM 
ocymecTBJififOT AononHMTeribHO nnaHeTapHoe 
Bpau^eHMe riK)6oro M3 conp5q>KeHHbix aneMeHTOB 
BOKpyr ocm APyroro aneMeHTa, a BenMHMHbi 
ymoBbix CKopocTePi Bpau^eHMfi conp?i>KeHHbix 

3-JieMeHTOB Bbl6MpaKDT M3 COOTHOLUeHMfl 
(Z-1 )co 1 -Zco2 + <»o = 0. 



rAe co -j - ymoBa^ CKopocTb Bpau^eHMfi BOKpyr 
CBoeM ocm aneMeHTa, noBepxHOCTb KOToporo 

BbinOJIHeHa B BMAe KpMBOJIMHeMHOM 

noBepxHOCTM; 
5 co 2 - yrnoBa5R CKopocTb Bpau^eHM^ BOKpyr 

CBoeM ocm sneMeHTa, noBepxHOCTb KOToporo 
BbinoriHeHa b cjDopMe BHyTpeHHeM mum Hapy>KHOM 
orM6aHDLneM ceMeMCTBa noBepxHOCTeM, 
oo"pa30BaHHoro c noMOL^bK) BbimeynoM^HyTOM 

KpMBOJIMHeMHOM nOBepXHOCTM j 

10 (») 0 - yrnoBafl CKopocTb ABM>KeHMfl ocm 

srieMeHTa, coBepLuafom.ero nnaHeTapHoe 
Bpau^eHMe; 

z - LJ,ejioe MMcno, z > 1 . 

2. Cnoco6 no n.1, OTnMMafOLUjMMCfi TeM, hto 
15 JiK)6bie Asa BpaLU,eHM5q ms BpaLU,eHMM AByx 

conpfl>KeHHbix sneMeHTOB BOKpyr cbomx oceM m 

3BeHa CMHXpOHMSMpyiOLHeM CB513M 

CMHXpOHM3MpytOT Me>Kfly co6om. 

3. Cnoco6 no n.1 mjim 2, OTJiMMaioLLJ.MMCfi TeM, 
hto nepeAany ABM>KeHM^ ot OAHoro aneMeHTa 

20 ApyroMy ocym,ecTBJi5qK)T nyTeM BBeAeHMsq b 
MexaHMHecKoe conpMKOCHOBeHMe 

KpMBOJIMHeMHbie nOBepXHOCTM OXBaTblBaMDLL^erO 

m oxBaTbiBaeMoro conpaweHHbix sneMeHTOB c 
o6pa30BaHMeM npM stom KMHeMaTMHecKOM napbi. 

4. MaujMHa o6-beMHoro pacujMpeHM5q 
25 (BbiTecHeHMfi), coAep>Kam 1 a5R Kopnyc c ochobhom 

OCbfO, OXBaTblBaK)U4MM M OXBaTblBaeMbIM 

conp^eHHbie aneMeHTbi, ycTaHOBJieHHbie c 
B03MO>KHOCTbK) o6pa30BaHM5q pa6oHMX KaMep, M 
CMHxpoHM3aTop, MMeioLiJ.MM no MeHbLueM Mepe 

OAHO 3BeHO, OAMH M3 COnpflWeHHblX SJieMeHTOB 

30 LuapHMpHO ycTaHOBiieH b Kopnyce mjim 

CMHXpOHM3aTOpe C B03MO>KHOCTbfO BpaiJ^eHM^ 
BOKpyr OCHOBHOM OCM, a BTOpOM conp5q>KeHHbiM 
aneMeHT ycTaHOBneH b CMHxpoHM3aTope c 
B03MO>KHOCTbKD nnaHeTapHoro Bpam,eHMfl BOKpyr 

35 ocm nepBoro aneMeHTa, npM stom oamh M3 
conpa>KeHHbix aneMeHTOB BbinoriHeH c 
KpMBOJIMHeMHOM noBepxHOCTbfo, a ApyroM 
srieMeHT - b BMAe Hapy>KHOM mjim BHyTpeHHeM 
orM6aK)Li4eM ceMeMCTBa noBepxHOCTeM, 
o6pa30BaHHoro c noMom.bK) BbiujeynoM^HyTOM 

4 Q KpMBOJIMHeMHOM noBepxHOCTM, OTJiMHaiou^asqc^ 
TeM, hto CMHxpoHMsaTop ycTaHOBneH b Kopnyce 

C B03MO>KHOCTbK) BpaLHeHMiR OTHOCMTeJlbHO 

ochobhom ocm, npM 3TOM no MeHbLueM Mepe 

OAMH M3 COnpfl>KeHHblX SJieMeHTOB M 

CMHxpoHM3aTop mjim no MeHbLueM Mepe ABa 
45 conpa>KeHHbix 3neMeHTa CBfi3aHbi Me>KAy co6om 
c o6pa30BaHMeM KMHeMaTMHecKOM uenM, 

yCTaHOBJieHHOM C B03MO>KHOCTbK) 

CMHxpoHMsaLJ.MM BpaLU,eHM5q AByx COnpfl>KeHHblX 
sjieMeHTOB BOKpyr cbomx ocePi mjim Bpam,eHMfl 
OAHoro M3 conpsq>KeHHbix sneMeHTOB BOKpyr 
60 CBoeM ocm m Bpau^eHM^ ocm APyroro 
conp5q>KeHHoro ajieMeHTa, coBepujaK)LiJ 1 ero 
nnaHeTapHoe BpaLU,eHMe, BOKpyr ochobhom ocm b 

COOTBeTCTBMM C COOTHOLUeHMeM 
K-|<»i+K2<»2 +( »0~ ^> 

55 ©^©2 - ymoBbie ckopoctm Bpam,eHM5q BOKpyr 

cbomx ocePi BbiujeynoMflHyTbix conp^eHHbix 
aneMeHTOB; 

ro 0 - yrJioBafi CKopocTb Bpam,eHM5q ocm 
sneMeHTa, coBepLuafom.ero nnaHeTapHoe 
6Q ABM>KeHMe; 

K-i, K 2 - nocToyiHHbie KoaqbctDMi^MeHTbi cba3M, 
npM stom ABa M3 Tpex BbiujeynoM^HyTbix 
BpameHMM coo»coi,<»2 He3aBMCMMbi Apyr ot Apyra. 

5. MaujMHa no n.4, OTJiMHaK)LLJ 1 a5RC5q TeM, hto 
oHa CHa6>KeHa AonojiHMTejibHbiM 
CMHxpoHM3aTopoM, CB^3aHHbiM no KpaMHeM Mepe 
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c nK)6biMM flByMfl \A3 cneflyfOLL^HX nacTePi 

06-beMHOM MaLJJMHbl - CMHXpOHM3aTOpOM, 
KOpnyCOM, COnp$R>KGHHblMM OSIGMGHTSLMW . 

6. MaujMHa no n.5, OTJiMHaHDLU.aflCfl tgm, hto 

flOnOJIHMTeJIbHbIM CMHXpOHM3aTOp BbinOJIHeH B 

BMfle nepeflaHH c nepeflaTOHHbiM OTHOiueHMeM, 

paBHbIM nJ1K)C MJIM MMHyC eflMHML^e, MJIM 

MexaHH3Ma KpyroBoro nocTynaTenbHoro 
ABM>KeHM5q OAHoro M3 conpaweHHbix aneivieHTOB, 
mjim KynncHoro MexaHMSMa, mjim MHBepTopa 
HanpaBneHM^ BpameHMsq. 

7. ManiHHa no n.4, mjim 5, mjim 6, 
o~mi/iHaK)LnaflCfl T6M , hto OHa CHa6>KeHa 
flonojiHMTeribHOM KMHeiviaTMMecKOM uenbfo, 
CBfi3aHHOM c Jifo6biMM flByivm M3 cnepy\ou\\AX 

HaCTeM MaiUMHbl - CMHXpOHM3aTOpOM, KopnycoM, 
COnp^XeHHblMM SJieMeHTaMM C B03MO>KHOCTbK) 

yMeHbLueHMSR Ha eflMHMi^y KonMHecTBa 

HG3aBMCMMblX CTeneHeM CBOGOflbl MaLUMHbl. 

8. MaujHHa no n.7, OTJiMMaioLnaacfi TeM, hto 
flonojiHMTenbHayi KMHeMaTMHecKafi u,enb 
BbinonHeHa b BMfle nnaHeTapHOM 3y6HaTOM 
nepeflaMM. 

9. MaujHHa no n.4, mjim 5, mjim 6, mjim 7, 

HUM 8, OTJlMMaHDLHaflCfl TeM, HTO OflMH M3 
COnp^>KeHHblX 3J16M6HTOB BbinOJIHeH C 
L^MJlMHflpMHeCKMMM L^eBKaMM. 

10. ManiMHa no n.4, mjim 5, mjim 6, mjim 7, 

MJIM 8, MJIM 9, OTJIMHafOLU.aflCfl TeM, HTO OHa 

CHa6>KeHa ycTpoMCTBaMM nepeAaHM Bpam.eHMM, 
CBfi3aHHbiMM no MeHbiueM Mepe c AByivm M3 
cneAyNDLMMX BpamafOLUMXcfl nacTeM MaujMHbi: 

COnp5q>KeHHblMM 3JieMeHTaMM M 

AOnOJIHMTeJIbHblM CMHXpOHM3aTOpOM M 

MM6KDLI4MMM cpeACTBa AJ~ifl coeAMHeHMfl no 
MeHbiueM Mepe c AByMfl Bpau^afou^MMMc^ 



SJieMeHTaMM BHeLUHMX yCTpOMCTB. 

11. MaujMHa no n.4, mjim 5, mjim 6, mjim 7, 

MJIM 8, MJIM 9, MJIM 10, OTflMHatOLHaflCfl TeM, HTO 

OHa CHa6>KeHa AonoriHMTeribHbiMM 

OXBaTblBafOU4MMM M OXBaTblBaeMbIMM 

5 COnp?1>KeHHblMM SJieMeHTaMM, BbinOJIHeHHblMM c 
BblLUeynOMflHyTOM KpMBOJIMHeMHOM 

noBepxHOCTbio mjim orpaHMHeHHOM orMGafomeM 

CeMeMCTBa BblLUeynOMflHyTOM KpMBOJIMHeMHOM 
nOBepXHOCTbK), yCTaHOBJieHHblMM c 

1Q B03MO>KHOCTbK) 06pa30BaHMfl AOnOJIHMTeTlbHblX 
pa^OHMX KaMep M C B03MO>KHOCTbK) 

BpamaTejibHoro 1/1 miaHeTapHoro ABwweHMM, npn 
3tom Bee conp5q>KeHHbie sneMeHTbi 
pacnono>KeHbi mjim coocho phaom, mtim 
KoaKCMaribHO b KaMepax OTHOCMTeribHO Apyr 
15 Apyra m CB^3aHbi oahm c APyrMMM. 

12. MaujMHa no n.11, OTJiMHaKDii^aficfi TeM, 
hto oamh M3 BbiweynoMflHyTbix conpyi>KeHHbix 
aneMeHTOB >KecTKO coeAMHeH c oahmm 
AonoriHMTeribHbiM conpaweHHbiM sneMeHTOM, 
ApyroM conp^>KeHHbiM aneMeHT wecTKO 

20 COeAMHeH C BTOpbIM AOnOJIHMTeJIbHblM 
COnpq>KeHHblM 3JieMeHTOM, npM 3TOM 

ynoMAHyTbie aneMeHTbi ycTaHOBJieHbi b pa6oHMX 
KaMepax Apyr OTHOCMTeribHO Apyra 
KoaKCMaribHO. 

13. MaujMHa no n.4, mjim 5, mjim 6, mjim 7, 

25 MJIM 8, MJIM 9, MJIM 10, MJIM 11, MJIM 12, 

OTJiMHafOLnaflCfl TeM, hto oxBaTbiBafom.Me m 
oxBaTbiBaeMbie conpflweHHbie aneMeHTbi 
ycTaHOBJieHbi c B03MO>KHOCTbK) MexaHMHecKoro 

COnpMKOCHOBeHMfl MX KpMBOJIMHeMHblX 

3Q noBepxHOCTeM m o6pa30BaHMfl npM stom 
KMHeMaTMHecKOM napbi. 
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